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ABSTRACT 


A knowledge system for the design of aircraft landing 
gear with optimized leg has been developed. The system has 
high degree of flexibility which helps the user in compara- 
tive study of the design with slight changes in parameters. 

It may be used as a teaching aid for beginner and an effective 
tool for an experienced designer. 

The knowledge system works on the basis of logic pro- 
gramming. The predicate calculus used is horn clauses. The 
knowledgebase of the system consist of landing gear design 
processes coded into * if-then' rules. 

The design details that has been coded into the database 
are, tyre design, detailed wheel analysis and design, landing 
leg analysis and optimal weight design, and brake design. 

It incorporates procedures used for the selection of, type 
of landing gear, tyre pressure, type of landing leg, shock 
absorber, and brake system. 

It is possible to get a design details for any type 
of requirement without designing the landing gear completely, 
after the system has generated experience of designing many 
landing gear. 
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CHAPTER - 1 


INTRODUCTION 

^ ^Qnding gear design 

The landing gear represents a substantial unit of 
modern aircrafts. It accounts for 3,5 to 5 percent of gross 
weight of the aircraft or 15 to 20 percent of its structural 
weight.^ Though, contribution of undercarriage to flying 
and economy of aircraft is virtually nothing, when the air- 
craft is not flying its function is much more important than 
any other part of the structure. 

The purpose of undercarriage is to perform the following 
major functions during ground-run of aircraft : 

(i) to taxi or roll up to its take-off position, and 
away from its landing run } 

(ii) at the moment of landing, to observe its direction 
of motion, frcHU a downward glide to a horizontal 
run along the runway } 

(iii) to carry Its own means of retarding forward motion, 
or braking, without resort to external arresting 
equipment { 

(iv) to provide an accelerating run for take-off | 

(v) and to absorb the shock when taxying over a rough 
track 

Undercarriage unit consists of, tyres, wheels, brakes, 
landing legs and associated retraction equipments. This 
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system should withstand all or some of the following loads^ : 
high vertical load, drag load, side load, and anti— drag load. 
There are different stressing cases, with combination of above 
mentioned loads, which are discussed in the following chapters* 

Aeroplane wheels themselves present few fundamental 
problem to the landing gear designer* To enable the tyres to 
be fitted and removed, wheels are usually of split or detachable 
rim typers, the old fashioned well— base rim, which is still 
used on road vehicle, being rare on modern aero-wheels. Several 
large modern aircrafts are making use of double-tyred wheels. 

An important problem in design of modern high-speed aircrafts 
is accomodation of brake of adequate energy absorption capa- 
city inside the wheel* 

of 

Landing leg may be^ articulated type or telescopic type; 
former being heavier, less used in practice. Use of articu- 
lated layout in main and nose legs is unusual, it is virtually 

twin legs, cantilever with offset wheel, cantilever witJi 
fork, twin wheels. Inclined wheel, inclined leg ando offset 
twin wheels* Articulated leg layouts are, levered type with 
fixed shock absorber, levered type with hinged shock absorber, 
tension shock absorber an<i^ . articulated bogie landing layout* 

The retraction of landing leg is virtually universal 
on all but light or slow aircrafts*^ The detennination of 
the optimum retraction method and mechanism involves, firstly. 
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problem of geometry and secondly design of radius rodSf actua- 
tors and up and down locks. The basic linkage from which nearly 
all solutions are derived is the well-knowi four bar linkage 
(fig* 1*1), where the outer links A and C rotate, link B is 
floating and airframe forms the forth link. Fig* 1.2 shows 
the classic solution, where, the shock absorber leg is the 
rotating link A with the links 8 and C forming the folding 
stays. 

The most remarkable fact is that, in spite of an ever 

increasing strength requircanent, the percentage weight of the 

3 

landing gear has gone do«ai in the last fifteen years. Improved 
techniques in design and in the use of new materials has made 
it possible Milch shows that a lot of work has been done 
in undercarriage design area, but comparatively less matter 
appears in literature. The few available are discussed here. 

Conway gives general arrangement of the landing 

gear, details of tyre design, general details of wheels, 
brakes, shock absorbers and retraction. He also gives 
general layout of the landing gear and landing gear stressing. 

Smith^, comparef different types of wfheeis and also gives the 

" ’fc'}l0 ''M- ' ' ' ' 

performance Gf2^<om(im&nts of^wheel. He eosphasizes more on 

testing and proving requirements# 
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The problem of shimmy of aiiplane wheels is particularly 
important in case of tricycle type landing gear.^ In a tri- 
cycle type of landing gears, the wheel fitted with tyre is 
designed to pivot freely about a vertical axis and when in 
action this pivot is given • a horizontal forward motion, while 
the ^'dieel is made to roil on ground. It happens that the 
wheel spontaneously assumes a self-sustained oscillating motion 
about the pivot* A full scale investigation has been conducted 

to determine the effect of various factors on shimmy of castor- 
6 

ing ¥i^eels , the factors considered being the geometric arran- 
geiraent, the tyre types, the variation of load, the spindle 
moment of inertia, and the tyre inflation, 

Fiugge, considers effect of landing iapact and taxylng 

7 

intact on landing gear, 

g 

Arun Kumar , has developed expert system for design of 

undercarriage which helps user in coa^arative study of design 

with slight changes in design paraiMter, It gives ctesign 

details like, tyre and brake design. It also incorporates the 

procedure for selection of -; type of landing gear, outer 

dimensions of wheels, tyre pressure, braking system and shock 

absorber. This expert system does not giveidetailed design 

of v^eel, brake, shoek absorber and landing leg. It also 

a the 

lacks in giving/procedure for/selection of retraction method 
and mechanism* 
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St«ly of existing literature* thus reveals the following 
salient features t 

* Bardly any attenpt has been aade to achieve a detailed 
design of w^eel of the aircraft* 

* Any recent work on landing leg design, shock absoiHber 
design* and retraction was not found* 

* Hardly any atreapt has been reported to perfona optimal 
weight design of any part of landing gear* 

The purpose of the present thesis is to attempt to 
fill some of the existing gaps as far as possible* 

The present work is divided into two parts* The first 
part of the thesis deals with the detailed design of Mteei* 
procedure for selection of retraction method aond mechanism* and 
design of landing leg and its accessories* The wheel is 
designed as modern split type A-frame vdieel* which is mostly 
used in modem aircrafts* The retraction mechanism used is 
as shown in fig* 1*2* 

Low weight is of prime importance in aircraft structures* 
The second part of the thesis Is dedicated to perform optimal 
weight ctoslgn of landing leg* Results have been obtained for 
different types of landing leg* viz t Retractable landing 
gear* unretractable braced landing gear and unretractabie 
unbraced landing gear* 
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Ifi overall, an atteopt has been made to have a complete 
design of ondercarriage systan, so that deslgner(s) will have 
all the regyirecE design dimensions of landing gear. Ihile 
designing* ccmparative studies will have to be undertaken. 
Since, generally it is found that, all likely conflgyrations 
cannot be transferied into fully developed projects. This 
requirement is fulfilled by developing^highly flexible pro- 
grao , w^ich helps user in ccraiparative study of the design 
with slight changes in paras^ters. More details about 
program developed, is given in chapter 2* 

Use has been made of available program of Asin Kumar, 
which supplies necessary parameters for design requireB^nts. 

iXiteiS 

The general layout of the thesis is presented below* 
Chapter 2, e 3 g>lains, the tool used in the programming. Analysis 
and design procedure for wheel and landii^ leg, procedure 
for selection of retraction method and mechanism and, method 
of Gptimization used for c^timal wei#it design of landing leg 
is explained in chapter 3. Discussi«m regarding implementa^ 
tion is given in chapter 4. Chapter 5, presents the discussion 
of results and conclusion and also putsforth suggestion for 
future work* 
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This section briefly describes the tool used for 
prografiKilng. 

2«1 Artificial intelligence (A«X,) 

AttX* is a software technique that profrasis use to solve 
syiobolic rather than numric problesas, syi^olic problesiSy 
which are probleas encountered in coi»on every day life and 
workt deal with symbols and symbolic concepts rather than 
nuadsers* 

10 

A.l» systems fall into i^ee basic categories s erpett 
(or knowledge-base} systems* natural listguage (every day 
native language) systeiEet and perception systems for visioitf 
speech^ mnd touch* 

2*2 

Ejqpiert systems are programs that use humanlike reason- 
ing processes rather than cos^licated techniques to solve 

11 

problems in specific problem dimains* These programmedn 
human like reasoning processes^ in turn rely on ejqierimental 
human knowledge# which is encoded in the program in structure 
called knowledge-base (fig* 2«1)* 

In an erpert system, the knowledge base is the encoded 
knowliKige of an expert esq^ressed as a large set of rules# 
facts# together wi^ a set of assertions* It uses m Inference 
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technique which works on knowiedge domain and arrives at 
conciusion. In this pTOcess it acquires the relevant requi- 
red details of problem through questions asked to user* 

Typically, to build an expert system, the developer 
chooses a form to r^resent the experts knowledge. The deve- 
loper then encodes some of the eiqaerts basic knowledge and 
reasoning techniques in that form* Then the developer 
Challenges that eiqsert system with lot of problems and 
cases* As the fledging esqpert system makes mistakes or 
provides insufficient data, its developer add more knowledge 
and thus isq^roves on the model of the expert* (Fig* 2*2) • 

In engineering, expert systems can be effectively used. 

It can be an effective tool for an esqperlenced designer, end may 
a 

be used as/teaciilng aid for beginners* 

2*3 t the interpreter 

In any eigiert system the knowledge about tt^ domain > 
in which the system works, soist be separate fivom how that 
knowledge is to be infered or applied* E^oeirt systems cansist 
of two major ei^cnienta i 

1* a knowledge .bast-,,. 

2* an interpreter^.-^’ 
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In present work an intei^preter* also called a shell, is 

13 

named as VIDHI , developed based on logic progransaing by 

Dr. R. Sangal of Ccmqsuter Science and Engg* Department of I.I.T. 

Kanpur. The progrananing language used in Viail is CLISP. 

2*3*1 Logic programBinq 
a* Introduction 

Logic programming used in VII^I is based on a subset of 

*1 

first order predicate calculus naaely the horn clauses . It 
is used for solving problems involving objects and relation* 
ships* To e 3 g>re 8 s relation bet^^en objects, predicates are 
used* Eor exas^Ie, to express that the colour of eye is 
blue t 

COLOUR (EYE, MUE) 

OOLCXiR is the predicate, «diich is 2*place predicate* 

It can also be represented in list notation as followa, 

(COLOIR BYE BLUB) 

In VIDHI latter type is used, 

b* Pattern matching 

The repraaantation of knowledge can I:m» divided into 
two types t 

(i) Pattern which can have rero or more occurrence of 
'wild card ^ 

(ii) A data item or a fact vdiich does not have a wild card, 
where a wild card is a 'Vserish^le idiicti can tiA;e any 
value* por 
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U (COLOUR EYE BLUE) 

2. CCOLCJUR HAIR BLACK) 

are seme ex«ple# of facte. Here COLOUR is a predicate which 
has two argyiaents. Similarly, if we have wild card in place 
of arguments, like 

3. (COLOUR 7K BLUE) 

4. (OJLOUR HAIR ?¥) 

5. (COLOUR 7X ?Y) 

the% these are called as patteims* Mien patterns and facts 
match, we get value for wild card provided the naete of the 
predicate is smme and non-wild card argusents in pattern and 
fact is same. In above case when fact 1 is matched with pattern 
3 we get • 

* EYE ■ 

whereas if we match fact 2 with pattern 3 the matching will 
fail, since second argument is different. Pattern 5 can be 
matched to both the facta 1 and 2# In logic programming the 
pattern matching concept can be utilised successfully* 

c* Formulas 

In VIDHl^^, two types of ob|#«ts are defined, terms and 
formulas* Terms occur as argiaaentsof predicates in forsailas 
and usually denote things* A formula on the other hand takes 
a truth value* 
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A %%m is one of the foilowing i 

(i) a variable s- a symbolic atom beginning with a •?* 
(e*g*i 2X, 2COLOUR). 

(ii) a constttfit t- a symbolic atcmi not beginning wit^ a 
»?• (e.g.t 3, 5.6, BLUE). 

(iii) a function-argument combination *- a list of the fora 

(<f> <P|^> <Pj^>) 

where Xf> is a function symbol and <p^> to <p^> are argu- 
ments. For exa^lOf 

CAVERASE L « N) 

where AVERAGE is a function followed by its tharee arguments. 

A formula takes any one of the following two forms s 

(i) Ark atomic formtia is a predicate-arguments combi- 
nation t- udiere predicate Is a symbolic atom, and arguments 
are terms. It is represented as list* For example, 

(COLOUR EYE SLUE) 

(ii) A horn clause (formula) is of the form 

- Sj, — -n > *• O — (1) 

where R and S|^ to are atomic formulas. R iC called conse- 
guent, and Sj^ to are called the antecedent. If the ante- 
cedent is es^ty, it reilucet to an atraroic formula, For example. 
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(CHECK-STRESS ?TY) < - (STRESS-PRED ?TY ?SIR) 

(GEO-PRED ?TY ?THI) 

Formulas take# truth values. For example* in formula (1), 

R is tarue whenever each member S, to S. is true. 

d* liiferer»:;e 

Inference allows u# to infer new facts from the database. 
When a query is floated, is checked with ; facts, if it is 
there, the query£ answered . true* If matching with 

facts fails, then matching wi^ the LHS of rules are tried* 

If a rule matches, the atomic formulas in its RHS after proper 
instantiation become the new sub<-goals, and same procedure as 
above is repeated* In case of failure to match a subgoal, 
another rule will ^ tried* This process r^eats until either 
we are successful, or no more rules remain ^ to be tried* For 
exim^le, 

1, (CHBCK-^TEESS A3 HOSE-WiESL ISCXJ) 

2* (CHECK-STRESS A4 TML-miEEL 2100) 

3, (CHEOC-STRESS ?AA 2Ty 2WT) < - (WT-AC ?AA ?WI) 

(TY-AC ?AA ?Ty 2WT) 

4, (W-AC A1 2500) 

5 , (WT-AC A2 3000) 

ft. (TY-AC A1 TAIL-WHEa 2500) 

How, if we pose the query - 

GOAL (CHEOC-STRESS 2.S00) 

since no fact matci^it will try on rules. Here, rule 3 is 
tried. ■ ■ . 
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(CHECK-STRESS At 7TY 2500) 

< - (W-AC A1 2500} 

(TY-AC Ai ?TY 2500) 
the aAtecedent® become nm 8ub-goale« 

SUB-GOAL A1 2K»0) 

Is true • 

SUB-GOAL (TY-AC A1 ?TY 2500) 
is also true and ?!¥ « TAIL-WiEEL 

Theiefoiet the main goal Is true and ?TY « TAIL-VSHEEL is 
returned* 

2«3*2 .aniii, 

14 

a* Adding facts isid rules - 

one of the following foxm can be iised* 

(DEFASRI <NAME> <R)RMULA>) 

(DEFASSERT <IIAME> <FORMULA>) 

For exuaplOf 

(DEFASRT FI (CHEOUSTRESS A1 TAXL-liiEEL 2500)} 

(DEFASRT R1 (CHEDC-STRESS ?AA 7TY 7WT) 

< • (irr-Ac 7AA ?irr) 

(TY-AC ?AA ?TY 7»T)) 

Similarly for removing facts and rules any one of following 
can be used 

(UNDEFASRT <NAISE> <FOfyillLA>) 

(UROEFASSERT <FU!IMULA>) 



li. Querying the database 


15 . 


Following form is used for querying 
{GOM, <a,> -<»<• <a >} 

where to a^ are atomic formulas 

c* Posing questions 

Questions can be posed using a tniilt^in predicate 
called ASK*4li£a« 

(ASK-USER (SOURCE <Var 1> ~ <var n>) 

(TARGET <var 1> — <¥ar ra» 

(QUESTION . . . . ) 

(TYPES < ty 1> — <ty n>)) 

For ASK-USER, predicate to be true, the following conditi^s 
must have to be satisfied* 

«» all source variables shcnild have values assigned. 

-> all target variables should be value free. Failure to 
satisfy either of l^e above conditions makes ASK-USER 
f ail * 

d« Uefelaboratioti 

It is used to eig»lain to the user, stien the user responds 


with a *MitAT* to a question* 

(OEFEUiB <Pred> (<tert>}} 

A text is stored with the predicate pred to do the Job. 
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Inside the lambda expression computations are done or another 
function can be called* The values cociputed can be asserted 
Into database using ASSERTA command. 

For details VIOHI manual can be referred. Apart from the 

siJLi0O 

above tools* any GLISP functions caqifbe used in VI£HI* 

2*4 Fealuies of the program developed 

SoB» of the features of the program; developed are 
mentioned below 

(i) Solves or helps to solve iB^jortmtit problems that wJUld 
otherwise require the service of human eiq^ert* 

(ii) Integrate new knowledge incremently into 'Uie knowledge 
base# 

(ill) Display knowledge in fozm that is easy for people to 
read* 

(iv) High degree of flextbilityg that is* «hen user presents 
weight and the purpose of the aircraft* he is provided 
with a desic^ without any further details requiring i 
from him* this is done becmise of earlier esqperimnce 
of the programr i. If no design has been done under 
that category the user will be so informed and the | 

program,: '' starts new design* If user is satisfied with j 
the present avalli^e design* he can retain the same* 

If he wishes to see if there are any other designs | 

under siaae category* he can do so* If he wishes to alter j 

! 

Mty one of availii>le designs by changing oi^ or all the | 
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design paramettrSf that can also !># achieved* It may 
be noted that this is the feature most of the aircraft 
designers would like to have, which wuld provide the® 
a means comparative study* If he wishes to have 
new design altogether, then it can also be done* Fig* 
2*3, explains this, and working of the program, 
more clearly* 



EXPERT SYSTEM 



Fig. 2.1 : EXPERT SYSTEMS SOLVE PROBLEMS BY REASONING WITH 
KNOWLEDGE ACQUIRED FROM HUMAN EXPERT. 
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CHAPTER 3 
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ANALYSIS AND DESIGN DETAILS 

3.1 Introduction 

Present chapter includes analysis and design details of aircraf 
wheel, retraction method and mechanism, and landing leg. It gives 
details of method used for performing optimal weight design of 
landing leg and analysis of braces. Miscellaneous details like, 
jack stroke, design of tie bolts for wheel are also explained in 
the following paragraphs. 

3.2 Wheel analysis and design 

It is important to keep the weight of any aircraft components 

down to an absolute minimum for economic reasons. In respect of 

the wheel, only a small percentage of its life is spent doing 
15 

useful work. For the majority of its time on the aircraft, the 
wheel is stowed and ferried as ’dead weight*. It is only during J 
take off /landing and taxying of the aircraft that the wheel serves i 
its useful purpose. The main and nose wheels are part of the load | 
supporting structure of the aircraft. The wheel not only carries ; 

the tyre, forming a pressure vessel with the wheel, but in case of ; 
the main wheel also houses the brake. There are two basic designs i 

4 ■ ■ ' '■ 

of aircraft wheel, *A* frame and * bowl* type , The ’A* frame wheel j 

is structurally very efficient, and therefore 'Wie lightest that I 

I 

can be achieved, liowever, this design only provides limited space 

j, 

for the brake, and wh^ a large brake is required, it is necessary ; 
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to resort to a *bowl* type configuration, which, being struc- 
turally less efficient is by necessity heavier# 

The *A* frame wheel being structurally more efficient 
and lighter, is adopted here. The ’A* frame wheel design (fig»3»l) 
consist of two half hubs butted together and secured by a ring 
of circumferentially spaced bolts. The brake is housed within 
the half hub. 

The different forces acting on wheel and other structures 
of landing gear are; high vertical loadj normal drag , side 

force j high drag ^ force arising due to braking^ etc. Intensity 

o 

of these forces as per British Airworthiness requirenwnt is 

- Morroal drag - > 0,4 (maximum vertical reaction) 

• sidte force - > 0,25 (maximum vertical reaction) 

- high drag - > 0,8 (maximum vertical reaction) 

Intensity of force arising due to appllcatlw of brake is 
slightly lesser than high drag, so if design is satisfied for 
high drag, it will be safe against this force. 

Design of the tie bolts 

The bolts are torque tightened not only to provide a good 
clamping joint, which will not separate under the most severe 
load conditions, feut also to enhance the fatigue life of the 
bolts. 

Usually material used fojt manufacturing of bolts is open- 

1 o 

hearth nickel steel SAE 3140-^'^, whose elastic limit is 68,CXX> 

Psi, Same material is adopted here. For the diameter of bolt 
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not less than 1 inch, factor of safety is usually 2*0, But 
for present situation diameter of bolt may hardly exceed 1/2 inch, 
so the design stress should be lowered* Therefore, considering 
factor of safety as 4*0, the design stress will be, 

%d T7»0CX),0 Psi 

To find the number of bolts and diameter of bolt the 
tctal outward bursting force is used -» 


2^.2 


Ftq « it.pj^.r ( (:Q - r) ) 


(3,1) 


Also, 


A . JJI , — , 


(3.2) 


l^T^mber of bolts, to be used are fixedr^ using circumference of the 
wheel* 


Ill£g.i^§aa3LY^iJ 

For the design of i^eel flange thickness, total outward 
bursting force is used^, as it produces the critical stresses 
in a flange* It is necessary to do the analysis for the web-frame 
portion only* Vtieel rim diameter is fixed along with the tyre* 
When tyre is selected, the manufacturer’s specification gives 
wheel x-im diameter* 

The forces acting on the web-frame portion are i the centri- 
fugal force acting due to rotation of wheel, uniform coE^ressive 
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force due to uniform tyre-*pressure» side force and} pure torque 
due to the drag load acting at tyre-ground contact. 

The web— frame is analysed for all above forces simultaneously 
(fig. 3*2), Finally, point of action of maximum stresses and 
value of maximum stresses due to combined effect of ail above 
forces will be found. 


a, centrifugal force : 

In this case web is analysed as rotating disc, assuming 
that web is straight, instead of being inclined. Stresses in 
web section cm be f«und by following relation*^"^ 


o^ a C ^ b^ - 






(3.3) 


and 


2 . U.2 




( [a2 4. b2 ^ ^-±|- - ( >^1^ 1 


(3#4) 


b. external and internal axial compressive force : 

Here also# it is assumed that webs are straight, which is 
on the conservative side, as the stresses calculated will be 
higher than^ what it would be. Now it will be a case of thick 

cylinder with internal and extejmal forces* Stresses can be 

18 

calculated by the following relations. 


„ .V (p„- p^) Pi*® - 

" 2 "( b 2 -. 2 ) - 2 * ^2 -2 


(3.5) 


a 
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and 






^ JL ^ ^2 
* PQ^ 

b^ - a^ 


(3*6) 


The intensity of pressures p^ and p^^ are given by the 
relations s 


and 


Ppj 3C R, 
2' X t ~ 


Pq X b 




(3,7) 


(3.8) 


Here, thickness *t* is assumed to be equal to thickness 
of flange, 

c, side force s 

In this case, side force and the moment, due to eccentricity 
of resultant of uniform tyre pressure, are considered (fig, 3,2c)* 

Intensity of the uniform side force and moment per unit 
length csn be calculated by - 

Pg « side force/circumference 

Pa 


^1 *• ^ **• (3*10) 

The intensity of total moment per unit length about the 

bearing level A-A can be calculated by - 
(2x X b) (b - a) 


M • ♦ 


eat® X a 


M » # X {p^ X 2t) ♦ I p^ (b-a) 


(3.11) 
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Second moment of unit length area about vertical axis 


will be 


R... 2 


» 2 C t (cos ©) i-s^) ] 


(3.12) 


Thereforef radial stress at radius *a’ can be expressed as - 
R K 

aT” (p- • St) 4- •” p^ (b— a) R... . _ . . rN 


5 CPq • ^t) 4- •* pg 

2. Ct(cos &) ' (--^) ] 


^ :L:r' .■ t ^ j-o.is) 


*^r “ ^2 ^ a ^ ^ "2~. t^cos e ^ 

Z 


(3.14) 


d. drag force : 

This force will act as pure torque on web-frame, producing 

the shear stress o_ • intensity of this torque on external and 

% 

internal face can be found by the relations - 
» drag force/cixcumference 


p. « (0,4 . DL) / (2 • ts • b) 


(3,15) 


p^ * (0,4 . DL) / (2 . tt . b) 

MaximuiB intensity of the shear stress o_ produced by the 


torque will be at inner most radius. 


(3,16) 


e, fflaxiDiuis radial stress s 

The centrifugal force will produce maximum radial tensile 

16 

stress at radius fab * Wiereas external and Internal con^ressive 
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axial forces will produce maximum radial ccmpressive stress 

at radius *a*. Similarly, side force and a moaient due to 

eccentricity of tyare pressure will pro<hice maximum tensile and 

compressive force in right and left web respectively, at radius * a 
"the 

From^above discussion it is clear that, there are two 
different points, where tensile and compressives stresses are 
maximum# Tensile stress will be maximum at radius if sib# Com- 
pressive stress will be maximum at radius *a** 

Intensity of maximum radial ccmpressive stress can be found 
by following relation -, 


rm^ * Pi + Oy, 


(3#175 


Radial stress due to centrifugal force at radius ifaP will be - 

0 * * ( ^ [a-bj^ ••• (3*18) 

^1 » 

Radial stress due to axial forces at radlMiis ifib will be - 

.2 _ w2 


* 

''2 


ab (Pq - p|^) Pj " Pq fa" 


Cb-^ • a^) 


(b^ - a^) 


(3*19) 


and 


Radial stress due to side force imd moment at radius equal 
to ifab will be 

( Pq X 2t) » p^*b» (iF^ * 1) 

2 *»• ®- < 

«w 


- "f ab) 


< 


3 tan 8 


fab ♦ ) 


• a • 


(3*20) 
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Intensity of maxiaiyffi radial tensile stress will be then, 

* ®r * **“ ^r * (3,21) 

f, maxiisum circumferential stress s 

It can noted that, both centrifugal and axial force 
produces maximum circumferential tensile stress at radius 
equal to *a*. Therefore, maximum circumferential stress can be 
found by the relation - 




m. 




2 ( J|X ) ^ ^2 ^ ^ J 


8 

Pj (a®+b®) - 2 b' 
(b® - a2) 


♦ • # 


(3,22) 


As already o^ntioned, for the design of wheel flange thick- 
ness, total outward bursting force is used (eg, 3«1}, also vm have 


^ * «4r 

xdt f 

Since the wheels axe mostly made up of aluminium alloy 
castings, the value catfi be taken in range of 18000-2^)00 psi, 
And, adopting factor of safety as 1,5, 


Flange thickness 


1.6 F. 


m 


« d 18000 

While designing, necessarily designer should consider 
econcHBy In construction cost, there are several ways in which 
one can achieve this economy. Here also, if flange and web 


(3,23) 


thickness is sasie it can be casted easily and economically* To 
achieve .this, thickness of web is assumed to be equal to thick- 
ness of flange initially. Stresses are found using this thick- 
ness (eq, 3.14, 3.16, 3.17, 3.21, 3.22). 

If the stresses calculated are within the limits, that is, 
lesser than safe working stress, which is taken in range of 
i8O0O-2‘CJ00 psi, the web thickness is kept equal to thickness 
of flange. Otherwise, increasing thickness step by step and 
checking the stxresses simultaneously, web thickness is redesigned. 

Different forces acting on the s^eel are already mentioned. 
The worst cambinations of forces are - 

i) MoimiaX drag and side load, 

ii) High drag only, and 

iii) Loads arising from applying the brake 

Loads arising due to application of brake is almost equal 
to the second ccesbination# The stresses calculated before are 
for the first combination. Now, designed thickness of the web 
should also be tested for high drag force, which acts as pure 
torque on web-frame. Maximum intwisity of torque due to this 
drag, at radius equal to •a* • 
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If above calculated shear stress stress is greater than 
the safe working stress^^ web thickness will be redesigned. 

3*3 Eetractlon m ethod and mechanism 

Incorporating many kinds of engineering in its design and 
constryction, modern landing gear has advanced to the stage in 
which almost any aircraft^^, but light or slow aircraft, can be 
supplied with rectractable configuration, which can be stowed 
in a space. Retraction and extension of the gear is normally 
done by hydraulic power. A hydraulic system consists of a number 
of individual it€®s connected by piping and it is obviously much 
easier to alter the power of, say, a hydraulic jack than an elec- 
tric actuator* 

The well-known four-bar linkage (fig. 1*) from which nearly 

all solutions to retraction are derived, consist of two rotating 

I 

links , one floating link and airframe as fourth link* Various 
configurations of the retraction linkage is possible* The one I 

which is adopted here Is the classic solution (fig* 1*2), where ! 

shock absorber leg is the rotating link, and other two links | 

forms radius rod or folding stay* To achieve an retraction and 
extension of the landing gear hydraulic jack with two locks can | 

• ■ ■ I 

be used, which saves unnecessary ccm^licatlons due to separate | 
up and down locks* i 

It is proposed to consider 10,0(X) lb as the limit between llgj 
and heavy aircrafte* to that landing gear of aircraft having I 

:■ . . ■ -I 

weight letter than 10,0 cm:) lb will be designed as un retract able, | 
and for the alrcaraft weighing greeter than or equal to 10,000 lb, 



it is designed as retractable. 
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Once the mechanism of retraction is fixed, then ccmies 

the problem of geometry or kinematics. Fig. 3.3a shows^ geometry 

in detail. The angle between shock-absorber leg and radius rod 

is kept usually in range 45®-60®, The height of shock-absorber 

section (Hrt) is fixed according to shock absorber trawl, which 

the 

is usually limited to 15 inch&a^ maximum limit. Once these values 
are fixed, the total length of radius rod including link B and C 
can be easily found as - 

CHl 

L, * - - Is . .— ,,, (3.25) 

^ sin 45 

Value of H is found ftcp outer radius of tyre, usually it 
is kept as outer radius of tyre plus some margin in the range 
of 3»6 inchea* 

Now, from geometrical analysis, ler^th of link-B and link-C 
is found as - 

Wla ^ ( 

and 

^1 ** ^LA *** (3*27) 

Jack stroke can be found by sisiple ge<»aetrleal calculations - 

J m (H|^ Hg) H ^^ 1 ^* sin 45 ••• 


{H,-a „2 2 2 ,1/2 

^ > ♦ H ] 


C 3»i2!6) 



3*4 Lag fittfialvsi^ 
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A decision must now be made, whether landing leg layout Is 
to be telescopic # or articulated^. Qecision must be taken, 
whether it is to be a cantilever leg, braced twin leg or canti- 
lever with force. Telescopic leg layout, being lighter, will be 
adopted here. For simplicity in design, cantilever with offset 
wheel type telescopic leg layout is adopted in cases where the 
number of tyres in wheel is-^n^^one. Twin wheel type telescopic 
layout in cases of two or more "tyxes In wheel will be adopted. 

As mentioned in wheel design, there are two worst landing 
combination, for which landing gear should be designed. First, 
normal drag with side force and second is, high drag load or 
loads arrived due to braking. Landing leg will be designed to 
sustain both the combinations. 

Landing leg will be designed as retractable if the weight 
of aircraft is greater than or equal to 10,000 lb, otherwise 
it will be designed as unre'^actable type. In unretractable type, 
depending on the height ofileg, it will be designed as braced 
or unbraced type, to reduce the dimensions of section of the 
landing leg. If the height of leg Is less than 3.0 feet it will be 
designed as unbraced type, otherwise braced type would be adopted. 
So,. we have three type of landing leg, viz,: Retractable, 

Unretraetable<**braced and; Unretraetable«-unbraced* (pig, 3 , 3 ). 

ai 

a* Retractable type 

the 

It is assumed thati 5oi«t C is designed such,^thal it trans- 
fers only inpiane (Xf) moments^ it does not transfer the mosent due 
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to sido load* It is also assumed that Joint E does not transform 
any load to the jack shaft, as the jack is not suppose to iwithstand 
the loads in extended position* ■ ; r ' - 
■•::S:.ftSdMi..on... 1> Normal drag + side load : 

To find out reaction at D • 

» 0 about B 


0' 



Fl (Hj + H,)^ 
■ sK 45 (uj-H) 


***1 “ 45 ) , H 

jl 


♦ e ♦ 


(3*29) 


ZHwJO, 


RB<Si % sih 45 

1 


• *^1 •*• 


(3,30) 


tVmO, 

RgV * ^ ^ ••• (3*31) 

11 

One can see that, maximum stresses may occur at point *C* 
or f»oint ‘B* * 

4^xlmum eoie^>ressiire stress prochiced by loads may be one of ^e 
followinf* 


32 d, Ho . 

• (F ♦ Q) ♦ — * 

«« *Cd/*d/) ^ 


• « # 




(3.32) 
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MaxiiBuiB tensile stress produced by loads may be one of tbt 
following* 




32 d, (F,+<3) 


% Cd, 


dg^) 


1C 




(3.33) 


32 Q (H,4 HJ d, 

^ k. 


4 


« (dj^^ 




« Cd, 


d3 


Maximum shear stress would be 

. n *5 i/ 2 
4 (Q^ + 

^ I r w w iii w 4s»i ' 


« (dj^^ - dg^) 


(3*34) 


Maximum defleeticm will (k;cux at point *A*. Here, member 

' a 

AB is analysed as^beam* The deflection caused by buckling is 
much smaller than t^ie deflection due to transverse bending momenti 
Hence for deflection calculations, buckling effect is neglected* 

Deflection at point *A* (fig* 3*4a) is - 


^2 ^ 'i'” Bi 


. tt, (3.35) 


1*1 ' 13 

ifl_( Jk_ 


and 


o A— w 
2 


Q*H. 


* » # 


(3*36) 


Condition 2> High drag only* 
In this case — 

‘‘Dg- "ix!. 4 ci^arjf 

Bp •in 4*5 ** 


:■ ■ c 




( 3 , 3 ?) 





Maximum stresses will occur at point *C* 
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|| ^ || ■■^,■■ || H, f% , 

* (dj^^ - dj'*) 


32 d, F. H. 

— ■*' inrf 4 

» (dj^^ - i*") 


\ 


* (d ,2 - d,2) 


^Pl 

It (d, ^ - d 


and 


-c 

'fU, ^ Sgg i| >i> i i i w i i. i i ii w ii ii iiiiai ll hii i iiip i w I I I I m 


# # 


(3*3a) 


Similarly^ 

Deflection at Point A will be (fig. 3.4a), 

R H ^ H 

“rir tv«2®> ♦ "• 

b« Unretract able->braeed t 

The Joint 'C is designed in such a way that it can take 
reactions in x and z direction» and is free to move in y dixectior^: 
to reduce the loads coming on main member *AC*, It is assumed 
that Joint B awl F transfers the inplane (xy) moMents only* 

£andll,ll»M„.i^ Normal drag + aide load 
To fi«i out imttim at * 0 * 

2:m*i 0 about *B» 
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lyaO 


\ » 0 

Rrj COS ©, • D, 

H 1 


C O S 


■It # It 


* '0 ■• 


Zx m Q 

^1 “ ^2 • \ ^ 

•*• ^CX, • %, ®2 ^ ®1 • ^1 •** 

i i *^Ji ** 

Moxiisuipi bending mosient will occur at point *E* and 
* CF|^ (Hg ^ H^) - (Rg^ sin ©g) ^2^ 

Maximum ecNaprasslto and tensiie stresses will occur at 
point *E* • 

“'i ■ ^ ^ " "* ‘X 

i* Q i^2 * ^3^ ^ 




RiL COS ©2> 

iMiifir 


(d 




(3.40) 


(3.41) 


(3.42) 


d 


♦ • # 


(3.43) 



II • • 


{3.44) 


Maximum shear stress « 

4 {Q%f 5 ^ 

^ ^ ^ 


Maximum deflection will occur at point* *A* (Fig. 3.4b) 

^ (0.1759. Hj^^) 


F, H, ^ %, sin O,. 

A ■■*» 0*32716 — «, * —. 4! 


R 


I- 0*0154 H, 


dx* 

Hf 


Q H 




t e « 


gondltlon 2> High drag only 
Reactions will be, 


Rr 


1 % m 

®2 


F % 0 |* 

-?e. wk, .> , i lfc 


# 


jH^gOeot^ 


Rp^ cos 
Cos ^ 


'^8 S' jlfi ■ sJLii ' ?g 


♦ ♦ .# 


Maxiaiiiii eoii|>r«ssive mi tsusil® »%x#sssi idll b#' 
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(3.45) 


(3.46) 
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0 ^ 

'll 


(d 


f ^2 *“ *^2 ® 2 ^ 3 


i -«2 


• 4 (D, + Rg cos &^) 
? f_ 

M - dg^) 

Maxlniuia shsar stross 
^ 4 F« 




Maximuia dtflectlon (fig, 3,4b) 

FJi? sin C 

Ef 
R 


aA„ * 0,32716 (0,1759 H,^) 


Cl’ ISC . 

0,0154 


0, Uiiretraetable<4Jiibxaced t 
SaB^mga.-l> Normal drag ♦ stda loads 

Maximum cca^rassive and tensila strasses will be at point *B* 

d. 


M 


V-T (-Fi Hj, tQ. 


(d^^-dp 


xCdi^^-dg^) 


o . ^ A,.. , „ (f H, + Q H, ) 

maximum shear stress • 


JjL 


sCdi^-dg^) 


# a a ■ 


4 F 


JL 


« (d|^^**d2^) 


(3.4«) 


(3*49) 


(3,50) 


♦ a » 


(3,51) 
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Maximum deflection will be 
^ SI' 


- (fig# 3.4c) 


m 


3 £J 
Q.H^ 
"TeT 


Q-ebditlon 2> High drag only 
Maximum stresses will be - 


(3.52) 





(d. 


dg } 


^ Dl 

% (d^^-dg^) 



J2 

s 


% ^2* 

- d g^ ) 


(d/ 


^ Dl 


(3.53) 


4 F. 


JL Jm 

maximiim deflection will be (fig* 3.4c) 

A», ““Vlr 


J 


(3.54) 


3*^ 

To perfom optimal weight design of landing leg* Exterior 
Penalty function method is used. Penalty function methods trans- 
form the basic optimization problem into alternative fomulations 
such . that numerical solutions are sought by solving a sequence 
of unconstrained minimization problem,'^ In the exterior penalty 
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function laethod, the 0-fuiw:tion is generally taken as 

0 (x^ rjj) « fix) + 2 < (x) 

The bracket function < (x) > is defined as 

< Sj Cx) > « max < gj(x)f o> *» 9j(x) if g^Cx) >0 

(constraint is violated) 

0 if g. (x) i 0 
(constraint is satisfied) 

For unconstrained optimization Davidon-Fletcher-Powell 
method is used* This method is the best general purpose uncons- 
trained optimization technique making use of derivatives that 
are currmtly available* Cubic interpolation method is used for 
single-variable optimization* Use is made of the Swans method 
to bracket the single vailable optimal point* 

Here, the Function, fCx) is same for all the three problems, 
viz s Retractable, Unretract ^le braced and Unbetractable unbraced* 
It signifies the wMiight of the leg* 

f(») . »/4 / » dj®) 

- *2^ (3.K) 

Constraints are different for all the three types of problems, 
following section gives constraints for these three sets 

a* Retractable t 

The constraint on geometry is that, thickness should not be 
less than 0*3 inch 

— Xj^ Xg *► 0*2 ^ 0 




(3*56) 





The constirainte due to the limiting stresses are - 
%X ‘^cbt *^tc» ®tb* ^tcJ - 24.0CX).0 S 0 

<m JL 

*** {3*57) 

and 

"ax ° ••• f3‘58) 

constraint due to defleetion is 

Ajj, aA^, ^ 3 ’t • 0.01 ^ O ... (3.59) 

1 


b. Unretractable braced s 

The constraint on geos^try is same as in previous formula^ 


tion 

• Xj, + Xg ’I* e *2 i 0 

constraints due to limiting the stresses are - 
^AX *^^1* ^^2* ^^2^ ** 2 ^ K ^ 0.0 ^0 

“ax - 16CXX5.0 JO 

constraint due to deflection is 

il^AX f 3 f - 0J)1 i 0 

c « Unconstrained unbraced * 

The constraint on gecraeiry as before 

e Xg e 0.2 j o 


(3.60) 

(3.61) 

(3.62) 

(3.63) 

(3.64) 
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Constraints due to limiting the stresses is - 

®c . Ot ^ “ 24000,0 S 0 ... (3.65) 

1 1 2 2 ' 

^AX J2^ ••. (3.66) 

Constraint due to deflection is 

[l^AX ^ "^*1^ 3 f - 0,01 i 0 (3,67) 

3»6 Doslqn of braces 


The left side brace of unretractable braced type landing leg 
(fig. 3*4) is designed as tension member, as it mainly takes tension 
force only. The section of this member is kept hollow tubular* For 
simplicity in design, relation between internal and external 
diameter is fixed* Material used for leg and braces is usually 
Hot rolled steel tubes, taking design stress in range of 18,000- 


24,000 psi. 

% 

also, 

« */4 (d^ * ^ 

•* s/4 (d^ — (i/2 dj^)^ 

Ajjjp * 0,589 d| . ••• 

Other braces, as they mainly takes congress ive force are 
designed as coapression member. The design stress is varied 
according to the length of the number. As length of member 


(3,68) 


(3.69) 



42 


increases slenderness ratio decreases, so for the atesiber of 
greater length, design stress is reduced to 12,CK)0*0 psi and should 


be able to sustain in buckling, 
a. Design of brace CE t 

It can be noted that length of this member is small. There- 
fore, keeping design stress as 18000.0 psi. 


*CE " -18^.0 

and 

A^g ** 0.589 d^ 


(3,70) 


b. Design of brace ED i 

Length of this member is larger# so taking design stress 
equal to 12f000,0 psi 
% 

Agjj « "'"'is^odb' 


# « * 


(3J») 


Also taking, d„ • 0,667 

2 

Agjp 0#4‘36 cij^ 


0 * « 


(3*72) 


Design of brace D£ in unretri^table-braeed type landing leg 


is done as for brace CE. 




Fig. 3.1 : TYPICAL 'A* FRAME SPLIT WHEEL 
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b. UNRETRACTABLE-BRACED LANDING LEG 



c. UNRETRACTABLE-UNBRACED LANDING LEG 

Fig. 3.4 ; DEFLECTION OF LANDING LEG. 
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PROGRAM OESCRIPTIQN AND RULES 
4.x Jtelyodoction 

It is ssssntial f©r the user to know the structure of the 
program and how the design has been coded. The success of any 
expert system depends mainly on quantity and quality of knowledge 
it has in the knowledge base. As a result it is necessary to 
modify the knowledge base* with assistance from the user, to update 
it. To do so the user may add up new facts or rules or delete 
some. This chapter has been devoted to above objectives and also 
describes how to operate the system. 

The program has been divided into three main branches. 

These are the main frame of the program, Design details tree* 
and Alteration tree. Main frame is the heart of the progra»t vdiich 
controls flow according to users response. The design tree deals 
with the c(m^lete designing and optimizing part. The Alteration 
tree helps in altering the old design according to usexi require- 
ment* 

4.g Main frame of the proqriffi 

This part of the program gives omter structure of the Program* 
Fig. 2.3 explains it schematically* 

»hen the user initiates the system with a query* GOAL (START)* 
he enters the top most node in the tree which makes the program issue 


4B» 


questions dbout two basic inputs^ the weight of the aircraft for 
which the undercarriage has to be designed, and for what purpose 
aircraft would be used* Here, the purpose of aircrafts has been 
broadly put in ten groups to make design eii^isr, viz t Agriculture 
purpose. Light transport 1 to 4 seater. Trainer 1,2 seater, 

Executive transport 4 to 8 seaters, utility aircraft, light and 
amateur aircrafts, Fighters, Passengers and air service, cargo 
transport, sport planes. 

Once user feeds this information, the Program starts 
searching the s econdary d atabase for the old design details. This 
is done by the rule *SR1‘ which becomes a subquery - 

(DEFASSERT SRI {KHOM<EDGE BASE-SEAROi ?AA) 

< - (iEXCMr-RAHGE 2Wr-H 2Wr-L) 

(ST0RAGE-PRED3 ?V!iEIGHT ?AA 2TY-BR) 

(< ? WEIGHT ?WT-li) 

(> ? WEI®T ?wr-L) 

(OLD-DESIGN-DETAL-PRED 7WEIGHT ,*,,?TY-BR) 

(USER-OPINION ?DUMMY 20P YN) 

(liSODiFY-OLOffPESIGN ? WEI®T ?OP 

Predicate »ST0RACffi*PRED3* stores all old designs handled by 
the systeio* From these designs suitable designs are selected and 
‘becked to confirm lies within reasonable limit of 

icceptance. Then that old design is displayed to user, this is 
ione by the predicate ’OLD-DESIGN-PBTAIL-PREO’ . and users opinion 
.8 asked - whether he wants to retain the same design or 
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altejT any one of the designs or continuing the search in database 
for another design ox starting altogether a new design* The user’s 
opinion is passed to the predicate *MODIFY-4)LD-DESIGN* where it is 
checked. If the user’s opinion is to retain the design as it is, 
then it fires the rule which outputs the same result. If the 
opinion is to alter the design then it takes the alteration tree. 

For new design^ it takes design detail tree causing new design. 

When user wishes to continue the search, then back tracking takes 
place in ’STORAGE-PRED3* for a next design which satisfies the 
condition and the same process repeats. After complete search of 
secondary database the rule *SR1* fails. Then second rule with same 
predicate name Is taken up* 

(DEFASSERT SR2 (KNOIB.EDQEBASE-SEARCH ?AA) 

< - (TILL.4JSiR yOlN) I 

(START-NElMffiSIGN W)) 

As a result, design detail tree for starting new design 
is fired. Thus, getting into the system, searching the secondary! 
database and firing csrae of the rules which affects either a new 
design or alteration, constitutes ttie main fr^oe part* j 

■ ■ ■ . . I 

4*3 flt^ratien tree ' I 

Alteration tree is taken only the user wishes to | 

alter any one of the old designs, which makes predicate • ALTERATION! 
PREDi* to be fired* Pig* 4.1 to 4.3 e)g>lains the alteration tree I 

schematically* The rule is * i 



50 . 


(DEFASSERT ALl (ALTERAIICII^REDI ?WEIC3fr ?DN) 
< - (NEW-VALUES-FINCa ?*SEIGHT ?DN) 
(MAJOR^CHANGES 7WEIGHT 7DN) 
(LOCAL-CHANGES ?ttEIGHT ?DN) 
(SELECTION-CHANGES 7WEIGHT ?DN)) 


The alteration procedure can be broadly explained as*. 

- Finding from the user» whether any particular paxarcter 
needs a change, if so v^hat is its new value* While doing 
so old value of that parameter is also displayed to help 
the user in deciding. 


- Effects on design, because of the major parameter value change 

- Effects on design, because of the local paras^ter value change 

- Effect on design, when there is change in selection 


The parameters that user can change in alteration tree are, 
Friction coefficient of tyre antd ground 


«- Percentage weight acting on the auxiliary wheel 

- Height of centre of gravity 
«* Aspect ratio of the wing 

- Stalling velocity of the aircraft 

- Friction eoofflclont of br»ltln9 notorial 

- Type of undercarriage 
"■ Type of braking system 

- Height of legs at fore and aft iocaUons 


4*4 New deiign 

A new design is taken up 
and also when the ueer wifff » 


udien there is no old design availak^e 
to have i^w design* Fig* 4*4 to 4*9 
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explains the new design tree sehematiclfl^'f- Th^^m^af n^f^e rule ' 

which initiates the emery for new design is — 

(DEFASSEET nidi (START-p-NEVil-DESlGN ?DN) 

< - (AC-WEIGHT ? WEIGHT) 

{GHEC3<1-WEIGHT ?WEI®T) 

(DETAIL«DESIGw43F 7 WEIGHT)) 

The predicate 'CHECK—V/EIGHT* decides the type of urKiercarriaget 
and asks user series of questions to extract values of height of 
center of gravity^ percentage weight acting on auxiliary wheel ^ 
aspect ratio , ground friction coefficient and height of leg 
of fore and aft location, by using * ASK-USER* predicate. As an 
example for height of center of gravity locaUon the rule can be 
written as - 

(DEFASSEET TW3 {HCG-4iX:ATI0N ? WT ?D ?HCG) 

< - (ASK-USER (SOUKE ?wr ?D) ! 

(TARGET ?H0a) 

(QUESTI(»I PlEASE GIVE THE HEIOHT OF CG LOCATION 
IN PilT) 

(TYPES NUMBER))) 

■ ■ ^ , . " . , . ■ . , , , 1 ' 

The detailed design can be classified as designing of | 

auxiliary leg unit and designing of main leg unit and outputing 
the complete design. The rule for this is - 

(DEFASSERT D1 (DETAIL-DESIC^-C(F 7WT) 

(AC..aASSIFICATION 7WT) 

(AUX-LEG-l^n ?W) I 

(MAIN-LEG-UNIT m) 

(STOEAGE-fW,;!)) ' . i 
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The predicate * AUX-LEG-UNIT * takes up detailed design of 
auxiliary leg unit, predicate *MAIN-LEG-4iNIT» takes up detailed 
design of main leg unit. The parts design rule can be written as 

(DEFASSERT DSl (PARTS-DESIQ^ ?TY) 

<- {» 7TY MAIN-WEEL) 

(AC-WEIGHT ? WEIGHT) 

<LOADS-PRED ?TY ?DY-LOAD 7ST-LOAD) 

(WHEEL-SELECTION ?TY ?DY-LOAD 2ST-LOAD)) 
(LEG-DESIGNl ?TY ?DY-LOAD 7ST-L0AD)) 

( BHAKE-SELECTION ?WEIC3iT) ) 

and 

(DEFASSERT DS 2 (PARTS-DESIGN ?TY) 

<- (DISPLY-TBll ?TY) 

(LOADS-PRED ?TY 7DY-L0AD 2ST-LOAD) 

(IHEEL-SELECTICW ?TY 7DY-LOAD 2ST-LOAD) 

(LEG-DESIGNl ?TY 2DY-LOAD YST-LOAD) ) 

Rule DSl is used for main wheel parts and rule DS2 is applic; 
to auxilS^ary wheel parts design* There is no brake design for 
auxiliary ^eel as there will not be any braking device provided 
in auxiliary wheel t I 

The Predicate •ISHEEL-SELECTIOH* takes up the complete wheel 
design* It selects the pressure, tyre and wheel-rim diameter and 
goes to detail design of wheel. The rule regarding detail design I 
of wheel cah be written as ^ 

(DEFASSSItT D13 (DETAIL-IW«!EEL ?TY) j 

<- (B0LT-4«SIGN m) I 

(geometry-cal m) I 

(STRISSiS-IIMWi' tfY)) . ! 
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Her«» the predicate ’BOLT-CESIGN* takes up the design of 
fastening boits, predicate »GEOMETRY-^AL* takes up the calcuia- 
tion of all geometrical parameters of wheel. Similarly^ calculatior 
of all stresses and checking this stresses is done through the 
sub-tree of predicate *STRESSES-IN-WEB* . The rule used here is - 

CDEFASSERT D16 (STRESSES-IN-VySB ?TY) 

<- (DISPLY-TBSl ?TY) 

(im'El^ITY-OF-i'RESSl ?TY) 

(STRESS ?TY) 

(CHECK-STRESS ?TY) I 

(CHECK-SHEAR ?TY) ) 

This rule is written to design the web-frame of the wheel. 

The predicate *LEG-®SI®1' takes up a cov^lete design of | 
leg; rule for this is written as - 

CDEFASSERT LG-4 (LEG-DESlQ^l m ?DY-LOAD ?ST-40AD) 

<- (LiG-DESIC» ?TY) 

(SHOCK-ABSORBER ?TY 7DY-LOAD 7ST-LOAD) [ 

(SHOCK-AB-^RAVEL TTY TOYO-OAD) | 

(main-ver-mem tty tdy-load TST-LOAD) i 

(ACCESS0RIB5 TTY TDY-LOAD TST-LOAD)) | 

In this xulOt complete design of leg is don#f which Includes | 
- Calculating the actual leg heights# from the fore and aft I 
heights provided by user# I 

— Suitable shock-absorber will be selected I 
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- Value of shock absorber travel will be calculated 

- ttain vertical member will be designed 

- Accessories of the leg unit will be designed 

The above computations are done for both auxiliary leg and main- 
leg units* 

The rules used for main vertical member designing axm - 

CDEFASET LG5 (MAIN-VER-MEM ?TY 7DY-LOAD ?ST-LOAD) 

<- (TYPE-OF-LANDING-LEG ?TY2) 

( « 2TY2 RETRACTABLE) 

(ANALYS-RE ?TY 2DY-L0AD 2ST-L0AD) 

(CODE-PREDl ?TY) 

(ESOrERIOR-PENALTY-FUNCrriON ?TY) ) 

(DEFASRT LG6 (MAIN-VER-MEM 7TY 7DY-LOAD 7ST-LOAD) 

<- {LEG^iEIGHT-PRlBl ?TY 7HET) 

(> 7HET 3,0) 

(AfCYS-MNRE-BR ? TY ?oy-40AD 7ST-.L0AD) 

(C0DE-PRED2 tTY) 

(EXTERIOR-PEi^TY-PUfiCTION ?TY) ) 

(DEFASRT EQ7 Ci4AlN-VSl«4*EM 7TY 7DY-L0AD 7ST—L0AD) 

< — (ANLYS*4INRE*4II4BR 7TY 7DY-10AD 7 ST— LOAD)) 
(CX)Di*^a£D3 7TY) 

(EXTERIOR-PEIIALTY-RiMCTION 7TY)) 

Here, the predicate *MAJN-VEa-MBM* controls the type of leg 

design »lx . RetreeteMe. Unwt»Mtid>le -breed, Unretracteble- 
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ynbracecj. The Predicates *ANLYS~RE‘ , »ANLYS-OMflE-BH' and , 
ANLYS-UNRE-UNBR* takes yp the analysis of respecti¥e type of legs. 
In this a syb-tree of optimization procedure. Is fired 

through predicate *EX1ERI0R-PENALTY-.FUNCTI»4* which performs optima; 
weight design of main vertical leg. 

The rule for optimization method is written as — 

(DEFASRT Rl (EXI'ERIOR-PEHALTY-FUfCTIOl^ ?TY) 

<- CINITIAL-POINT ?XI ?N) 

(DESIGI^-NO ?D1) 

(AC-WEIGHT 7M) 

(pemalty-parameter tty ?OT ?D1 ?R) 

(EXPONENT ?TY ?ViT ?D1?Q) 

(CONSTANT ?TY YCT ?Dl ?C) 

(CODE-PREI) ?TY TWW) 

(MAIN-LOOP ?N 7m ?TY ?XI ?R 

• ?Q ?C)).' ■ i 

are 

In this «tep,«Lseries of questions/asked to the user to extract 
values of penalty parameter# exponent and the constant. This will 
be done for both auxiliary leg unit and main-leg-unit. The I 

Predicate • INITIAL-POINT % fixes the value of initial point for I 
optimization# through the fact inserted in database. The predi- 
cate ’MAINaXiOP* takes the control to the Devidon-Fletcher^owell : 
Method for unconstrained opt^i»ation and then to Cubic Interpola- 
tion Method for single variable search* I 

In case of main wheel tl»' control flows to the brake ' 
dedignu ' ■yir wgh predicate *Biy^Slli<**^®LECTION*. Here the kiiwtic 
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energy to foe eosox'foed by the brake is calculated using stall 
velocity of the aircraft# Next the friction force generated 
between the tyres and the ground is calculated. Then rating values 
for different types of brakes is calculated, and displayed to the 
user and his opinion is asked for# After affecting l^e selection, 
the corresponding brake system is designed. 

Once all the above sub— queries beccmies true, the predicate 
*START-NE?i-DESIGN* will also get the truth value and in turn the 
main query, GOAL (START), will also attain truth value and will 
come out of the system. 

To activate the program -yie user has to type 

(GOAL (START)) 

Now the system takes charge of knowledge base and putsforth 
the questions. It is useful if the user knows sfhat are the values | 
that he has to supply to the program before hand. The following 
are the list of values eaqaected from iiie user alongwith some useful! 

i' 

tips, 

i 

1, height of the airciraft | 

The value can range from 500 lb to 1€K),CKX) lb, j 

' • ■ - ! 

II, The purpose fot which the aircraft will be used, | 

The classification list will be displayed an^ user is 

■■ ■ , ^ ' ■ ■ ■ . [ 

expected to respond with a code as instructed, ; 

III, ModlflGatlon tree, ! 

Here, the user is e 3 g>ected to answer more tlian one I 

question and the dlrectioni and instructions are displayed. * 
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IV* Design paraiaeter values. 

** Height of centre of gravity 

Ihere is no option for this. The designer is expected 
to know this value, which should be in feet* 

- Weight distribution between the leg units 

This is to be mentioned as ji weight acting on auxiliary 
wheel. Usual values are, for tail wheel type 8 to 
for nose wheel type 10 to 15j^* Default optional value 
taken by the program is lOji. 

- Wing aspect ratio 

There is no option designer is expected to know the 
answer, and it should be in sq.ft. 

- Friction coefficient between tyre and ground 
Usual value ranges from 0,25 to 0,8. Optional value 
taken by system is 0.7 

- Stall velocity of the aircraft 

This is a design parameter and no option is available, 
which should be in mPh, 

•» Leg heights of fore and aft location 

Ihere is no option designer is expected to know the 
answer, which should be in feet. 

•• Sink velocity 

This is a design parameter and no option is availafcte, 
which should be in ft/sec. 
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V# Optimal design paxameters value 
peaalty parameter 

Usual value ranges from 0.01 to 1,0, option value taken 
by system is 1,0, 

— Exponent value 

For the present problem it is found that for the value 2.0 
system gives fast and good results, optional value of 
system is 2«0 

• Constant value 

It can be anything greater than one. Optional system 
value is 10,0, 

VI, Selection and opinions 

• Type of undercarriage 

Here, he has to rate all three types according to his reguira 
ments. The values should be between 0 and 1, Optional value | 

I 

taken will be 0,3 for all three types, I 

- Brake selection I 

Here the user has to just type as indicated by the program j 

I 

• Design number [ 

User can give any design number and the design is stored I 

: ,, ■ :.lf 

under that name, I 

If the user fails to answer the questions where there is no | 
option^ by saying ’Don’t know’, the system fails to give any answer j 
and gives an error message# | 
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CHAPTER 5 

Result discussion and conclusion 

Intyoduction 

In this chapter discussions axe presented on the results that 
are obtained by solving a few representative problems using the 
system. The sample problems choosen here are such that it shows 
all the possible usage of the system. For a proper understanding 
of the use and capabilities of the program developed, it is 
essential to run the system for solution of some general problems. 
This object is achieved here* 

^•2 Discussion of xesulis 

The following five saa^le runs have been chosen to illustrate 
and discuss the main features and working of the program* 

a* Hew design 

This sample is selected to show the complete behaviour of the 
program «^en it solves a new problem for which there does not 
ex^^ ®ny old design* Here, the knowledge system asks the Questions 
to user as and when the values are required. A light weight 
aircraft i® selected, so thatit is possible to have nose wheel 
type ox tall uSieel type landing gear* As the weight of aircraft 
supplied h#r# is less than i0,000 lb, system designs the landing 
leg as unretrsc table type* C^tlmal weight design for auxiliary 
leg is achieved in three iterstlos*. and for main leg in two itera^ 
tions* The details about the questions asked, and the details of 
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design as it has been written in output file, can foe found in 
record fiie attached in Appendix. 

b* Design not existing in data base 

When there is change in the weight of the aircraft, coopared 
to first sample, the system behaves in different way. The output 
is also different* In this sample middle class heavy aircraft of 
nose wheel type landing gear is solved. Here, the system solves 
the problem for retractable type landing leg. Optimal weight design 
for auxiliary leg is achieved in four iterations and for main leg 
in three Iterations. The record file is attached in Appendix. 

c. Design in the data base, old design opted for 

The problem is same as that of sample tw>. Here, the data 
base is searched and the user selected to retain the same old 

design. No design is done and the out put is copied from the data 
base as it is into an output file. The record file is attached 
in Appendix# 

d# A design existing in data base, new design lotion 

The weight of the aircraft and its purpose is same as that 
of example two and three. The system responds with displaying old 
design details, as the design has been already done# Here, the 
response given by the user is to start a new design# The system 
designs the complete undercarriage. Behaviour of the system is 
same as for sas«>le two, only change is, less number of questions 
if asked* The design details are similar to san^le two# Thus, It 
proves the system is consistant for consistant response from user# 
Record file attached in Appendix. 
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©. Design in data base - Alteration option 

For comparison purposes the sara® as earlier example input* 
weight and purpose of the aircraft are given in this sample too* 
After searching the data base the user has responded to alter 
one of the designs* In this case the system respond with new set 
of questions, as can be found in record file. The user likes to 
change the ?£ weight that auxiliary wheel takes and stalling velocity. 
Since former one is a major change, it can be noticed that, complete 
undercarriage has been redesigned. The difference in the designed 
values can be noticed from the record file attached in Appendix, 

It can be noted from record file that, in first sample run, 
design of landing gear is done for tail wheel type. An optimal 
weight design is performed for unretrac table unbraced type landing 
leg layout. Internal diameter for auxiliary leg is 0,363 inches 
and external diameter is 0,595 inches. And internal diameter for 
main leg is 1,004 inches and extasrnal diameter is 1,634 inches. 

In second sample run, th» weight and puzpose of aircraft is 
different than first. Here, the design of landing gear is done 
for nose wheel type. An optimal weight design is performed for 
retractable, landing leg layout. Internal diameter from auxiliary 
leg is 0,6996 Inches and external diameter is 1,131 inches. And 
internal diameter for main leg is 1,762 inches and external diameter 
is 2,889 inches, which clearly indicates that system behaves 
differently for different problems. 
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5*3 g-QHClusion 

The knowie<ige system for landing gear design with optindsed 
leg has been developed. The system has high degree of flexibility, 
and gains * experience* in each run. It gives suggestions and 
aids user in taking decision or answering the questions asked. If 
the user has difficulty in deciding, he can ask the system to 
take decisions* In that case it takes reasonable decision and 
infoims the user. It explains the design procedure. It may be 
used as a teaching aid for the beginner and effective tool for an 
experienced designer. It can also be used as sub—system by 
attaching to another main system* 

The design procedure details of the landing gear has been 
worked out for some components of the landing gear. These include 
tyre design, con^lete wheel design, optimal weight design of 
landing leg, retraction details and brake design. The selection 
made in the process include type of landing gear, type of landing 
leg (retraction method and n^chanism), tyre pressure, shock 
absorber, and brake system type. 

After running this knowledge sys'^m for large number of 
times, It should be possible to get a detail design for any type 
of problem without designing the landing gear coa^letely, that is 
just by modifying some part of the landing gear design. 
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5*4 SugqgstiQns for further developiaeRt 

To make design more complete, the design details of other 
mechanism in the landing gear like shock absorber fixing arrange- 
ment, the detail of mechanical part of shock absorber, other types 
of retraction method and mechanism etc. can be coded into Hie databa 
Thys making design more ccxaplete. Also advanced designs, if and 
when available for the parts of landing gear that has been already 
coded, can be added to the knowledge base from time to time. 

The weight optimization for other ii^ortant members of 
undercarriage can be incorporated to generate more economical 


solution. 
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PECORD file DSK: SSI OPENED CJ5-FEa-88 21 128:40 

p ^ 

<9>(G0AL (START)) 


2S^?2S!S*S2 IINDERCARRIGE DESIGNER 


I Will now proceed to astc you series of questions pertaining 
to the design which you want to pertorn. If you donot 
understand the question type wHal for tne exnianation ot the 
question. 


TTPE CON FOR CONTINUE>CON 

(QUESTION PLEASE SPFXIFy THE WEIGHT OF THE AIRCRAFT IN POUNDS) >5700 


1 agpicultural^purpose 

2 light TMnspom i, 2 3 4 seateb 

3 TRAINER I 2 S EATER 

4 EXECUTIVE TRANSPORT 4-8 SEATER 

5 UTILITY AIRCRAFT 

6 LIGHT, AMETURE A/C 

7 FIGHTERS 

8 PASSENGER, AIRSERVICE 

9 CARGO transport 
|0 SPORTS PLANES 


TYPE Al 
TYPE A2 
TYPE A3 
TYPE A4 
TYPE AS 
TYPE A6 
TYPE A7 
TYPE A8 
TYPE A9 
TYPE AlO 


(QUESTION PLEASE SELECT FROM THE ABOVE TABLE AND ANSWER) >A1 

ION NO design has been DONE UNDER THIS CATEGORY AND WEIGHT RANGE SO NEW 
WILL BE DONE PLEASE TYPE A DESIGN NUMBER LIKE DESi OB SO) >DS1 

i)iMt**^*!lt****^****^******^************************** 

DESIGN WILL BE DONE FOR UNRETRACTABLE^LAHDING^GEAR 

(QUESTION PLEASE give YOUR RATING VALUES FOR NOSE TAIL AND BICYCLE WHEEL TYPE 
IN THE RANGE OF 0 TO 1) >0,3 0.6 0.2 


landinggear 

TYPF 

NOSEWHEEl^ 

tailwheel 

BICYCLE 


TOTAL 

RATING 

9,6618535 

39,754386 

0,40000000E-3 


eEM5r*i5if.f,’M’D6NE76rfM£«5fim:Hpf 

?0fi£§iiarp£BsS’5!vS’fHr^^^OS*6ffHE ground friction coefficient within the 

RANGE 0,25 TO 0, 79999999) >0,55 

(QUESTION PLEASE GIVE THE HEIGHT OF CG LOCATION IN FEET) >6,50 

(QUESTION PLEASE GIVE WHAT PERCENT OF TOTAL WEIGHT WOULD YOU LIKE THE AUXILLAR 
Y WHEEL TO TAKE) >9.0 


undercarriage LOCATION DETAILS 
FORE LOCATION 1,9444444 feet 

AFT location 5.1999999 feet 

WHEEL BASE 7,1444444 feet 

WHEEL Track 27,584699 feet 


LIGHT-CLASS-AC 

(gUESTlnH fob above CABCUBAIED fore and aft lOCATIONS WBAT BE 1 < 

AIRCRAFT BODY WHERE BANDING BP,G IS 

LED WHF^ tyres AHd SHOCK ADSORBERS ARE FULIY SQUASHED TN FEET) >2.5 2 
PARTS design 


AUX-WHEEB PRF,SsijRE~HLL~Bi”cALCULAiED"’ 

aux-wheeb type selection 

number of tyres Iff AUX-wHEEL 1.0 

STATIC LOAD ON AnX"«HEEL 2000.0 

PRESSURE FINAL = 4(1.0 

aux-whfel details 

DIAMETER UF TYRE 22,509997 

TYRE WIDTH d*0 

WHEEL RIM diameter 12.0 


detailed DESIGN OF AUX-WHEEL PARTS 
WHEEL WILL BE DESIGNED AS MODEPN"sPLiT"TYPF'’wHFEI. 

FINDING AXLE DIA 
SOLID axle DIA 0.88520335 
FLANGE thickness = 0.91622S52E-1 
designing fastening bolts 

MATERIAL USED OPEN-HEARTH NICKEL STEEL 

NUMBER OF BOLTS 8.0,^ 

DIA OF BOLT 0, 269^3892 

finding maximum stresses in web of aux-wheel^ 
assuming THICKNEsi"oF’wEP*’EQUALs"fo"THicKNEis’oFFLANGE 

(QUESTION PLEASE SPECIFY STALLING VELOCITY IN MPH) >45.0 

STRESSES CALCULglED^AS .,4544.625 

MAXIMUM tangential STRESS 27298,942 
MAXIMUM SHEAR STRESS 798.69154 

STRESsis"cALCULATED"ARE"GREATEB THAn’sAFe'sTRESSES 

redesigning web 

PEDEaSIGNED thickness of web of AUX-WHEEL 0.10421661 

CHECKING ABOVE DESIGNED THICKNESS FOR A TORQUE 

MAXIMUM SHEAR STRESS DUE TO PURE TORQUE 2123,2534 

ABOVE calculated SHEAR STRESS IS WITH IN THE LIMITS 
FINAL WEB thickness 0,10421661 Inch 

DESIGN OF AUX-WHEEL LEG 

: SSSSSSSSaSSSSSSSSSS 9 SSSB 

HEIGHT OF AUX-WHEEL LEG 2.0 

CQuIItION**WHAT IFlHE^MAXlSuM^tMlI^FOB SINK VELOCITY IN FT PER SEC) 


E DTSTANC 
BE ASSFMB 

.0 


> 12.0 


SHOCK ABSORBER TRAVEL 1,2783240 FT 

analysing the landing leg 


OPTIFAL WEIGHl DESIGL' HF *AMH VERTICAL MEMBER STARTS 

{UllESTifiN vitiAT IS VALiiF OF PRNALTV PABAMETERI >1,0 

(UUtSTlOM WHAT IS VALUE OF F.XPCNEf^T) >2.0 

(gUESTlON WJJAT IS VnLUE OF COWSTAMT) >10,0 
DESIGNED DTMEnSIOIIS 

EXTERNAL DIAMETER 0.30860192 
INTERNAL OlAMdER 0.18450074 

DESIGNED DIMENS IDtS 

EXTERNAL diameter 0,42561022 
IDTERTAL diameter 0.26856005 

designed dimensions 

EXTERNAL DIAMETER 0,59488715 
INTERNAL DIAMETER 0,36288118 


designed DIMEnSIOdS of main vertical MAMBER in Inch 

EXTERNAL DIAHETEP 0,59488715 
INTERNAL DIAMETER 0.36288116 


NO A5CESS0PIES TO THE LANDING lEG ONLX A VERTICAL STRUT 

25 si 2 n_of_main-kheel^ 

MAIN-^HEEL PRESSURE WILL BE CALCULATED 
main-wheel type SELECTION 

number of tyres in main-wheel 2.0 
STATIC LOAD ON MAIN-WHEEL 2593,5 
PRESSURE FINAL = 59,783333 


main-wheel 


details 

DIAMETER OF TYRE 22,599997 

TYRE WIDTH 6.0 

WHEEL RIM DIAMETER 12,0 


detailed DESIGN O^.^^IN-WHEEL PAKTS 

WHEEL WILL BE DEsiiGNED'As”MODiBN*SPLiT"TYPE"wHEEL 

FINDING AXLE DIA 

HOLLOW AXLE OF OUTER 

FLANGE thickness s 0,87287721E-1 


DESIGN 

MATERI 


G FASTENING BO 
USED OPEN-HEA 


H NICKEL STEEL 


number of bolts 12,0 
DIA OF BOLT 0,21496777 


FINDING MAXIMUM STRESSES^IN ^EB_OP.JJAIN-WHEEL 
ASSUMING THICKNESS OF WEB EQUALS TO THICKNESS OF FLANGE 

STRESSES CALCULA||D^AS RADIAL STRESS ;U587.045 

maximum tangential STRESS 23449,328 
maximum shear STRESS 4332,2966 


STRESSES CALCULATED 
THICKNESS OF WEB OF 


ARE WITH IN^THE LIMITS ^ 
MAIN-WHEEL 0 .afaSTYaiE-l 


CHECKING ABOVE DESIGNED THICKNESS FOR A TORQUE 

MAXIMUM SHEAR STRESS OUE *^0 PURE TORQUE 13016.233 

ABOVE CALCULATED SHEAR STRESS IS WITH IN THE LIMITS 
FINAL WEB THICKNESS 0,87287721E»1 inCtJ 



height of MAI!i-Wl?EEl4 LEG :».S 

PLEASE GIVE YOUR wElGHTAGE FOR THE FOLLQfelNG 

SPRING CHARACTORS Ifi THE RA?^GE OF i TO 10 . 10 BEI?IG mAXTMUII 

1 simplicity HF shuck Af3SORRER 

2 SMEIGTH of SHPCK-ABSnHBER 

3 efficiency of absorber 

4 RELIABILITY OF ABSORBER 

(QUESTION TYPE YOUH AliSRERS WITH A BLANK SEPFRATING THEM) >6 5 9 7 
FUR MAIN svHEEL ULSO-PRUEMATIC SHOCK ABSORBER IS USED 

SHOCK absorber TRAVEL 0,69474133 FT 

ANALYSING THE LAriOlNG LEG 

VERTICAL HEHBEP STARTS 

(QUESTION what IS VALUE OF PENALTY PARAMETER) >1.0 

(QUESTION WHAT IS VALUE OF EXPONENT) >2.0 

(QUESTION WHAT IS VALUE OF COfiSTANT) >10,0 

DESIGNED dimensions 

EXTERNAL DIAMETER 1.0150157 
internal diameter 0.6412T270 


designed DIMENSIONS 

EXTERNAL DIAMETER 1.6736965 
INTERNAL DIAMETER 1.0042179 


designed DIMENSIONS OF MAIN VERTICAL MAMBER IN inch^^ 

EXTERNAL DIAMETER 1.6736965 



NO ASCESSORIES TO THE LANDING LEG ONLY A VERTICAL STRUT 

22®£22_2!!a22^!i§§- 

KINETIC energy THAT HAS TO BE ABSORBED BY BRAKES IS 96956,999 

FINDING FORCE REQUIRED TO BRAKE STOP TrE VEHICLE AFTER LANDING 

sUiirmiU'fbrBmrnm 

"“""bSake’tYPe"""*"" *""*i^SrRATiNG^VALUE*][™*^^^’][^]]’"sHORFFORM^^^_^^^ 

for the system to continue ITS OWN DESIGN CON 

SHOE brake 4.9999995 SHOE 

DRUM brake 3,9999995 DRUM 

DISC BRAKE 10.0 DISC 

NO BRAKING 2,9999997 NO-BR 

parachute brake 0.99999990E-1 « « . 2-^- 

(QUESTION PLEASE TYPE YOUR OPINION FOR BRAKE SELECTION) >DISC 

NO OF FRICTION SURFACES IS 1 

NO OF friction plates S 


IfES 

Should I try for another answer (Y/N)!>N 
OK 

<1O>RECOR0FILE 

RECORD pttp ncK. cfti fi.ncFrv ni^..pgn-QQ oii-a.aAa^ 



"niiiGfj'’.ruMRER~-----------'‘”Dii”~”~““~”~””“””“""“”"~~”~ 


PAPPOSE nF The aircraft — 


A1 


weight fjF The a/c — — . 5700 

TYPE OF LH’iDlIlG gear — — PT 

— UNRETPACTABLE TYPE 

I.nCATIOM DETAILS 


WHF.EI.- HASP - 
WHEEL TftACK 


7*144 

2^.58 


'auxiliary wBEiL’DiTAiLirrT' 


4 feet 
9 feet 


AUX-WHEEL pressure — 40.0 psl 

IFI 22,599997 inches 

TYPE WIDTH — — 6.0 Inches 

PIM^DIameteR — 12.0 inches 
axle DIAHETEH — — 0.8§52Q3S5 
HUHBEP of bolts — — — 8 

DIAHETEP of bolt — 0,26973892 Inches 

.l!!P-2[2^£-2!E2® 0,l045l66l inches 

auxiliary WHEEL’LEG’DETAiLSmirrirr""”"”"'' 


inches 


SHOCK absorber — — STEEL-SPRING 
HEIGHT Of LEG — — 2,0feet 
EXTEPHAL diameter —— 0,59488715 
internal diameter —0.56288116 

ASCESSOBIES DETAILS — — 

BRACE ONE 

length — - NIL inches 
EXTERNAL DIAMETER —NIL 

internal diameter —nil 

BRACE TWO — — 

length — NIL inches 
EXTERNAL DIAMETER — NIL 
INTERNAL DIAMETER — NIL 
JACK STROKE — — NILfeet 

JI!!-E!;^!!SS_l!!H5M§®§_rr-2i2i^E2§52lri 

"MAiN'wHiiL^DiiAiLiTITTTI 


inches 

inches 


inches 

inches 


inches 

inches 

inches 


MAIN wheel PRESSURE — — 59.783333 psi 

TYRE DIAMETER — . 22,599997 inches 

TYRE WIDTH — 6,0 inches ^ 

RIM DIA OF THE MAIN WHEEL — — 12.0 inches 

AXLE DIA Of THE MAIN WHEEL — — 1,7431800 inches 

NUMBER OF BOLTS — — 12 ^ 

DIAMETER OF BOLT — - „0, 21496777 Inches 
WEB THICKNESS — — 0, 87287721E-1 inches 


main wheel leg DETAILS — — • 


SHOCK absorber — — oleo-pnuematic 

HEIGHT OF |j|G„rr""2.5feet ^ 

EXTERNAL DIAMETER inches 

internal DIAMETER —— 1.0042179 inches 

ascessoRIEs details — 

BRACE ONE 

LENGTH — NIL inches 
EXTERNAL DIAMETER — — NIL inches 
internal diameter — — NIL inches 

BRACE TWO 

LENGTH NIL inches 

EXTERNAL DIAMETER — — NIL inches 
INTERNAL DIAMETER — — NIL inches 

JACK stroke — * NIL Inches , 

FLANGE THICKNESS OF THE HIM — 0,87287721E-1 

p « lip «« «« flV «» «MI i« W ell IMMI «» «» «• iiK w 9 Ml w N* i« «t *• 

TYPE Or^THE_^BRAKElNG_SYSfEM_;;;^^DISC_--;; 

sss::s«==as— aa=s— asa-g-a— ^ 

sssssss^^ssssssssss: 


Inches 


s3:sssss3$ 


E333S 


■ • » t f 

:sssss3ss:8sssss3ss3: 
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^*^^-^t***^**t*t****^$:^t**t**** **■$■** it* 
Welcome to the UhDERCARPlGE DESIGNER 


T will now proceed to ask you series of questions pertaining 
to the design which you want tc pertorn, if yon donot 
understand the question tyne WhAT for the explanation of the 
ouest Ion. 


liPE CON FOB CnimNUE>CON 

(QUESTION PLEASE SPECIFY THE WEIGHT OF THE AIRCRAFT IN POUNDS) >16500 


1 agricultural purpose 

2 LlGhl TRANSPORT 1234 SEATER 

3 trainer 1 2 SEATER 

4 EXECUTIVE TRANSPORT 4-8 SEATER 

5 UTILITY aircraft 

6 ughi.amfture: A/C 

7 FIGHTERS 

8 passenger, AIRSEBVICE 

9 CARGC TRANSPORT 

10 SPORTS PLANES 


TXPE 

TYPE 

TYPE 

TYPE 

TYPE 

TYPE 

TYPE 

TYPE 

TYPE 

TYPE 


A1 

A2 

A3 

A4 

A5 

A6 

A7 

AR 

A9 

AlO 


(QUESTION PLEASE SEDECT FROM THE ABOVE TABLE AND ANSWER) >A4 

(QUESTION NO DESIGN HAS BEEN DONE UNDER THIS CATEGORY AnD WEIGHT RANGE SO NEW 
DESIGN WILL BE DONE PLEASE TYPE A DESIGN NUMBER LIKE DESl OR SO) >DS2 


$^**4*-¥t*t***** **************** ******* ************ 
DESIGN WILL BE DONE FOR RETRACT AHLE^LANDING^GEAR^ ^ 

^******$^*^^***^|f.***:t^* ******************** *********** 


DESIGN WILL BE DONE FOR NOSEWHEEL-TYPE 


(QUESTION PLEASE GIVE THE HEIGHT OF CG LOCATION IN FEET) >7.9 

(QUESTION PLEASE GIVE WHAT PERCENT OF TOTAL WEIGHT WOULD YOU LIKE THE AUXILLAR 
Y - WHEEL TO TAKE) >12.0 

(QUESTION PLEASE SPECIFY THE ASPECT-RATIO OF THE PLANE) >7.0 


UNDERCARRIAGE 

LOCATION 

DETAILS 


FORE location 



11,236668 

feet 

AFT LOCATION 



1,5322729 

feet 

WHEEL BASE 



12.768941 

feet 

WHEEL 'TRACK 

• w «■> war *«» m 

KMI iIttfNiM 

10,368749 

fni aw «• tm 'W «ii « 

feet 


MEDIUM CLASS AC 


led WHEN TYRES AND SHOCK ABSORBERS ARE FULLY SQUASHED IN FEEll >A,u 

*******^*****l****iff** 

SJSILSIiij;.,...,.. 



AUX-wHEEL pressure «IIiL be calculated 

AUX-wHEEL tyke selection 

fHIMBER OF TYPES Hi AliX-«HEEL 1.C 

STATIC LOAD n?i AUX-^’iHERe iUOL.C 

PHESSURE FIUAL = Ifn.fe66b6 

AUX-V^HfiEL details 


OlATETER OF TYRE 
TYRE ,vll)TH 
vsHEEL RIM DIAMETER 


1S,0 

5,6200000 

8.6 


DFTAILEn DESIGR OF AUX-WHEEi PARTS 
WHEEL 1«iILL BE DESIGNED AS Mnninil SPLlT*TYPE”viHEiL 
FiRDING AXLE DIA 

HOLLOW axle of OUTER DIA 1,3329111 
FLANGE THICKNESS = 0.2289356B 

designing fastening bolts 

material used open-hearth nickel steel 

NUMBER OF BOLTS 8,0 
DIA OF BOLT 0.34813969 


FINDING MAXIMUM STRESSES IN WEB OF AUX-WHEEL 

assuming thickness of web equals to thickness of flange 

(QUESTION PLEASE specify stalling VELOCITY IN MpH) >50.0 

STRESSES CALCULATED AS , 

maximum radial STRESS “6135.4393^,^ 

MAXIMUM tangential STRESS 17204.034 
MAXIMUM SHEAR STRESS 777,04625 

STRES5Es’cALCULATiD’ARE"wiTH''iN“THrL|HITs""^ 

THICKNESS OF WEB OF AUX-WHEEL 0.22893568 

•» M lit OT W <W W M W « W '«W W W l«k M *W M W* «W «)t •« «»' •IV <« «<• WiT '<«l W 

CHECKING ABOVE DESIGNED THICKNESS FOR A TORQUE 

MAXIMUM SHEAR STRESS DUE TO PURE TORQUE 2064.5896 

ABOVE CALCULATED SHEAR STRESS IS WITH IN THE LIMITS 
final web thickness 0,22893568 Inch 

°®^SpN_OF_AUX;WHEEL_LEG_ 

HEIGHT OF AUX-WHEEL LEG 4,1666666 

(QUESTION WHAT IS filE^MAXIMUM^LIMIT FOR SINK VELOCITY IN FT PER SEC) >12,0 

SHOCK ABSORBER TRAVEL 0,79895253 FT 
ANALYSING THE LANDING LEG 

OPTIMAL weight DESIGN OF MAIN VERTICAL MEMBER STARTS 

'til M' Wf' iw^ iH Mt tut wii'tii )■» ii»' it ii»' ii 'W iit' tii'ifii' «**!•■'*• •-■•li'ilB ’W* tit «it ititt ipt tp. iK.wi -ill ii it *wi 

(QUESTION WHAT IS VALUE OF PENALTY PARAMETER) >1.0 
(QUESTION WHAT IS VALUE OF EXPONENT) >2.,Q 
Nupber of answers provided does , not roatch no»ber needed, 


spaces 

> 2,0 


(QUESTION WHAT IS VALUE OF CONSTANT) >10,0 



DfcSlGf^ED l)IME?vSIOi'iS 

EXTEBfiAL IJIA'-IETEP 
Ii'4TERf»Al, DIAMETER 


0,59853744 

‘1,41170996 


designed DIVEf^SlOj^G 

EXTEFfiAL OlAf^ETER 
liJlE^^'vAG i-'IAMUTER 


0,66103711 

0.41768301 


OEiilGKED DIME.^SICJ.'iS 

EXTERAAL DlA-'^ETER 
Ti'iTER'-^AL i.>lA'n:Tb“ 


0,78270285 

0,46179468 


DtDiGOED DT^iF^iSinsS 

CXTEFf.AE DTArtETER 
It'4TERwAL diameter 


1.131369 

0.699604 


6 


DP:SIGNtD DIMENSIONS OF MAIN VERTICAL MARBER IN inch 

EXTERNAL DIAMEIEB 1.1313690 
INTERNAL DIAMETER 0,69960466 


DESIGNING ASCESSOEIES OF LANDING LEG 


DESIGNED DIMENSIONS OF CE 

internal diameter 0.45424827 
external DIAMFTEP 0*90849655 
desigded dimensions of ED 

INTERNAL DIAMETER 0,86259940 
EXTERNAL DIAMETER 1,2932524 


designed jack-stroke 2,2674881 FEET 

main-wheel pressure will be calculated 

main-wheel tyre selection 

number oF tyres in main-wheel 2.0 

STATIC LOAD ON MAIN-WHEEL 7260,0 
pressure final = 74.842104 

main-wheel 


details 

diameter of tyre 

TYRE WIDTH 
WHEEL RIM diameter 


32.199995 

§.1000000 

15.5 


DETAILED DESIGN OF MAIN-WHEEL PARTS 
WHEEL WILL BE DESIGNED AS MODERN SPLIT TYPE WHEEL 

finding axle DIA 

HOLLOW AXLE OF OUfEH DIA 2.6550889 
FLA7<GE THICKNESS s 0,16928348 

designing fastening, bolts 

MATERIAL USED OPEN-HEARTH NICKEL STEEL 

NUMBER OF BOLTS 12,0 ^ 

DIA OF BOLT 0,34023525 

FINDING maximum STRESSES IN WEB_0F^MAIN-WHEEL 
ASSUMING THICKNESS OF WEB EQUALS TO THICKNESS OF FLANGE 

STRESSES CALCULATED^AS STRESS -9620,1287 

maximum tangential stress 2|||l,l61 

MAXIMUM SHEAR STRESS 3537,1483 


stresses CALCULATED Af 
thickness of web of main-wheel 0,16928348 





CHECK If»G ABOVE THICKNESS FOR ft IGPgUE 

;JjAXl^^UR SHEAF. STi'fjSS UOf; Tt:i PURE TQFOUF 10279,126 
AHD^E CAliCULATEl) GiH-.'iiH STRESS IS WITH IN THE LTMTTS 

Fin-L thickness u.l692Ri4fi Incn 




height of MAIN-aHEEH sEG 4.3641666 

PEEASE GIVE YOUR wEIGriTAGE FOR THE FOLLOKIMG 

SPRING CHARACTORS IN THE RANGE OF 1 TO 10 .10 BEING MAXIMUM 

1 Slf-'PLICIIY OF SHUCK ABSORBER 

2 WEIGIH OF SHOCK-AfiSORBEH 

3 EFFICIENCY OF ABSORBER 

4 FELI ABILITY OF ABSORBER 

(UiJESTlON TYPE YOUR AIlSHEHS WITH A BLANK SfPERATING THEM) >b 8 


5 8 


FUR FAIN NHEEL OLEO-PrUEMATIC SHOCK AHSORBER IS 
SHOCK ABSORBER TRAVEL 0,69474133 FT 
ANALYSING THE LANDING LEG 


USED 


OPTIMAL HEIGHT DESIGN OF MAIN VERTICAL MEMBER STARTS 

(yilESTlDiM WHAT IS VALUE OF PENALTY PARAMETER) >1.0 

(yUESTION WHAT IS VALUE OF EXPCNEHT) >2.0 

CyUESTlON WHAT IS VALUE OF CONSTANT) >10.0 

DESIGNED DIMENSIONS ^ ^ 

EXTERNAL DIAMETER 1.49H7618 
INTERNAL DIAMETER 0,89604976 

designed dimensions ,, ^ 

EXTERNAL DIAMETER 2,0670265 
INTERNAL DIAMETER 1.3042937 

designed DIMENSIONS 

external diameter 2.8891400 
internal diameter 1,7623754 


DESIGNED DIMENSIONS OF MAIN VERTICAL MAM||R P„|RCh 

external DIAMETER 2.8891400 
internal diameter 1,7623754 


designing ascessories of landing leg 


EXTERNAL DIAMETER 2,4309545 

designed dimensions of ED 

INTERNAL DIAMETER 2,3081430 
EXTERNAL DIAMETER 3.4604842 


DESIGNED GACK-STROKK 2.56S8706 FEET 
2SSIGN^0F_^BRAKES_ 

KINETIC ENERGY THA^’ HAS TO BE ABSORBED BY BRAKES IS 495000,0 

(QUESTION PLEASE GIVE THE VALUE OF THE GROUND FRICTION COEFFICIENT WITHIN THE 

R ’ 

ANGE 0,25 TO 0,79999999) >0.45 

finding FORCE REQUIRED TO BRAKE STOP THE VEHICLE AFTER LANDING 



IXu'li-.M HAlIftG FOli RiiiUr TYPES 


PP^KF TYPE 


SYS.WiiTlNG VaillE 


SHORT FORM 


FOB THE SYSTEM TO CO'.TIHUE ITS Oi^N DESlG?>f CON 

SHOE BRAKE l,9yy9997 SHOE 

OFUF Brake 0,99999980 drum 

DISC BRAKE 80.9 DISC 

NO Braking 0.99999990E-1 no-bh 

PARACHE-TE brake 0,99999990E-1 PARA 


(yiJESlION PEFASE TYP^ YnOR OPIMOO FOR BRAKE SFLFCTION) >PTSC 
CyOESTlON PEEASE SPECIFY FRICTION COEFFICIENT OF bPAKiHG MATERIAE) >0.35 

RU Uf friction surfaces is 1 

RU OF friction PLATE>9 1 


YES 

snould I try for anotner answer IY/n):>n 

OK 

<10>BECaRDFILE 
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’design NU9BiR’’---I-Z;iZIZ~"o|2"“““"~ 

PURPOSE aircraft -«--- A4 

WEIGHt"oF THR"I/c''-I“II"”lfi^Oo'' ’ -- — - 

TYPE OF LAUDING GEAR — — ‘ PN 

.ZHE-HI - rethactaple type 

location OFTAxiis **" 

wheel Base — «-»- 12,768941 feet 



I I I' 

AUX”WHeEL PRliSSURE '■“» 101,66666 psi 

TYRE DIAMETER. 18,0 inches 

tyre width — — 5.6200000 inches 

RIM DIAMETER — — 8,0 inches 

AXLE DIAMETER 1.5329111 inches 

number of bolts —— — 8 

diameter, OF BOLT 0,34813969 inches 

Wp^THlCKHESS^----- 0.p8§3568 inches 

’“auHlIaRY wheel LEG'DETAILsI.Iirrm""’"' 

P iE<n# M PH HW ^ ^ ^ ^ ^ ^ HP Pt Mtt IP PH MH pi pi PH PH Mp PM Mi PM Pi fW PP PI PM iMk PM PM PR PP PM ^ ^ ^ ^ 

SHOCK absorber — — PNUEMATIC 
height of LEG — 4 . 1666666f eet 
external diameter — — 1,1313690 inches 
internal diameter ——0.69960466 inches 

ascessories details — — 

BRACE ONE - — 

LENGTH — - 23.745075 inches 
EXTERNAL DIAMETER ——0,90849655 inches 
INTERNAL DIAMETER ——0,45424827 inches 
BRACE TWO — — „ 

LENGTH — — 38.489719 inches^^ 

EXTERNAL diameter — — 1,2932524 inches 

INTERNAL DIAMETER — — 0,86259940 inches 

JACK stroke — — 2.2674881feet 

RIM__FLANG|_THICKNESS_;-^0, 22893568 inches 



""main wheel details,,..,, 

MAIN wheel pressure — — 74.842104 psi 

tyre diameter ™ 32.199995 , inches 

TYRE WIDTH — — 9.1000000 Inches 

SiKE“S?A°5rl§E''Sl!N"31ik-:::- ‘!;l55oiS§''"i„cnes 
KS33i?E«"nP“ISgi-:;:: iLjo2|52f inches 

WEB THICKNESS 

"main wheel leg details — — 

SHOCK absorber —*7 

inches 

inch-ts 

Sm « J. *■'» n «' »’» *" j> ^ ■'W ^ ^ 

ascessories details — 

BRACE OWE Length — 31,904328 inches 

EXTERNAL DIAME||g ^ 

INTERNAL DIAMETER — ' 1,2154772 inches 

BRACE TWO 43,555356 inches 

EXTERNAL DIAMETER — inches 

internal diameter — — ^ 2.3081430 inches 

JACK SfROKE 2*5658706 i w 

fSaNgI THICKMESS OF THE BIM ™-0* 16928348 iHChes^ 

TYPE or 'THE BRAKEING SYSTEM 



Qp DETAILS 








phClJPD FILE DSK: ssl UPENEU L5-FEri-88 22 j09:45 
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LLl5ERCAHPlGt*DESIGNEP* 


1 Will now proceed to asK you series of questions pertaining 
to the design wnlcd you want to pertorn. If you donot 
understand tde luestion type whftl for tne explanation of the 
question. 


lipE CON FOR C0r4'iNUE>CUN 

CyULSfiCN PLEASE SPRCIfy TmE WEIGHT OF THE AIRCRAFT IN pOyNUS) >16500 


a AGHICULTOHAL PURPUSe 

2 LIGHT transport 1 2 j 4 SLATER 

3 trainer 1 2 SEATBH 

4 EXECUTIVE TRANSPORT 4-8 SEATRR 

5 utility aircraft ■ 

6 light .AMKTURE A/C 

7 FIGHTERS 

8 passenger, airservice 

y CARGO transport 
{0 SPORTS planes 


TYPE A1 
TYPE A2 
TYPE A3 
TYPE A4 
TYPE A5 
TYPE A 6 
TYPE A7 
TYPE AS 
TYPE A9 
TYPE AlO 


(yOESTlON PLEASE SELECT FROM THE ABOVE TAJLE AND ANSWER) >A4 


_old_design_detail 

’DisiGN”NO ="" Dsi' 

PURPOSE OF THE A/C 

weight of this A/C = 


A4 

16500 


landing gear type 

LANDING LEG TYPE 


PN 

RETRACTABLE 


LUCATICN DETAIL 


wAeEL base a 12.76«941 


WHEEL TRACK = 10,368749 


aux-wheel detail 


pressure a-iOl.66666 psi TYRE DJA = 18.0 ^InChS 

^lYBE lilDTH a &-i6200000 inchs RIM^PIA 8*0 

AXEL DIA a 1.3359111 WHEEL FLANGE jHlCKNESS^a 0,22893568 
NUMBER OF BOLTS a 8 DIAMETER Or BOLT a 0, 3481 3969lnch 

WEB thickness = 0.22893568 SHOCK ABSORBeA = PNUEMATIC 

HEIGHT OF LEG = 4 ,1666666f eet 
details of leg ss=s ^ 

external diameter al,1313689inch 
ASCESSORIES DETAILS aaasss 
BRACF ONF sssas 

length a' 23,7450?4inch „ ^ 

EXTERNAL DIIm|||R = 

INTERNAL DIAMETER ®.g*J54248271nCh 
JACK STROKE a 2,2674880teet- 


INTERNAL DIAMETER a0,69960466inch 

BRACE TWO ^ 

LENGTH a 38.4897181nCh 

EXTERNAL DIAMETER a 1 .2932524inch 
internal diameter a 0,86259940lncfi 


TYPE 

CON 


CON 


FOR CONTINUE >CON 



Alfi V(:m-.h DElAIli 


PFeSSU 
1YF& 
AJ^LE D 

number 

aEB ih 

HEIGHT 

DETAIL 

extern 

ASCESS 

BRACE 

LEIiGIH 

EXTERN 

INTERN 

JACK S 


HE = ?' 
■aIDTH : 

X A Jt f 

OF Bn{ 
iCRRESJ 
OF (,Rc 
S rjF Li 
AL DIA' 
Oi lES t. 
ONE =: = r 
s 3 1 1 

AL DIA 
AL DI.V 

TF.OKK : 


^42103 psl TYPE DIA = 32.199995 Incns 

^.ICHULUO Incns RIH DIA = 15,5 

ibuBBR inchs KHEEL FLANGE THICKNESS = D,l692a348 

> - 12 ^ CIAMETEB OF BUtl = 0, 34023525 inch 

: <3,16928348 SHOCK ABSORBER = OT.EO-PR'JLWATIC 

J5'U6b6feet 

;‘Ek =2,8Hyi400inch internal diameter =1 .?623'/53lnch • 

L'hILS ssssss 

• i:?PACt T'^D 

1328incn length = 43,555356incn 

EEP, = 2.4309545incn EXTERNAL OIAHElFH = 3 . 46U4842 inch 

t’ER = 1.215477lincn INTERNAL OIAMFTER = 2 . 30bl 429 inch 

ii .5b58706teet 


type 


TYPE OF braking SYSTEM,.,,,, DISC 


FOR CONTiriUE >CCN 


TYPE the dpt ion AS INDICATED BELOW 


OPTION 


SHORT FORM TO BE TYPED 


DESIGN COMPLETELY ACCEPTABLE 


OK <THAT DESIGN N0> 


DESIGN ACCEPTABLE AFTER ALTERATION 

FURTHER SEARCH DESIRED 
A NEW DESIGN DESIRED 


alter <that design no > 

search < XX > 

NEW <NEW DESIGN N0> 


(UUESTION please tyre your opinion NOW) >0K DS2 
(UUESTION PLEASE TYPE NEW DESIGN NUMBER) >DS3 


Should 1 try for another answer tY/N)J>N 

OK 

<tC»RECORDFILE 

RECURD FILE DSKJ SSl CLOSED 05-fEB-88 22:12:01 



'DiiiGN'’NUHBKR'*-'---------”“Di3~"”"' 

PURPOGE OF T!iF AIRCRAFT ----- a 4 


WEIGHT OF THE s/c — — • 
TYPE OF LAfiDl iG GEAR — 
TYPE OF LA'iDiHG LEG - — 

’LOCATini^'’DETAij"s’ 


iesQO 

. p?j 

• RETPACTAPLE 


TYPE 


WHEEL BASE — — 
WHEEL TRACK 


12.768941 feet- 
10,368749 feet 




’AnxiLiARY~^HEEri"!iiiAiLi7I“777T 

AlJX-WHF.Fli PRr..SSURE'*---'’ii’oir66666"*psI 

TYPE UlAnLTF.P 18,0 inches 

TYRE WIDTH 5.6200000 Inches 

RIM DIAf^ETEP — — 8,0 inches 

AXLE DIAHCTEP — — 1.3329111 inches 
MUMBEP. of BOLTS — — — 8 

diameter of bolt 0,34813969 inches 

WEB THiCKtiESS — 0.22893568 inches 

AUXILIARY ifliHFEL LEG DETAILS 

’shock’absorrer — — pnuematic" 

HEIGHT OF LEG — — 4 , 1666666f eet 

external diameter —— 1,1313689 inches 
internal diameter —0.^9960466 inches 
ASCESSORIES DETAILS — - 
BRACE ONE — - 

LENGTH — 23.745074 inches- ^ 
external DIAMEtER ——0.90849655 
INTERNAL DIAMETER —0,45424827 

H Ft C! E *F 0 

length — 38.489718 inches „ 

EXTERNAL DIAMETER — — 1,2932524 

INTERNAL DIAMETER — — 0,86259940 

JACK stroke — — 2,2674880£eet 

RIM flange THICKNESS_;;;-_^0,22893568__inches 

5giAi£g 


inches 

inches 


Inches 

inches 


# # « • • 


MAIN wheel details.,,.,. 


MAIN Wheel pressure ^ 74,842103 psi 

TYRE DIAMETER — — 32,199995 inches 

TYRE WIDTH — — 9,1000000 inches 

RIM DIA OF the MAIN WHEEL — — criSSS®® • v. 

AXLE DIA OF THE MAIN WHEEL — 2,6550889 inches 

number of bolts — — 12 , . 

diameter of bolt — — 0,34023525 Inches 

WEB thickness — 0.16§28348 

"MnN’wHEEL LEg"dETAILS — - 

wi' iiiiiWTiiif mm, **'^*^‘^** '******** **‘*”’**************^******** 

SHOCK absorber — — OLEO-PNUEMATIC 
HEIGHT OF LEG — --4.3541666feet 
external diameter — — 2,8891400 inches 
internal DIAM||fR —— 1,7623753 Inches 
ASCESSORIES DETAILS — — • 

BRACE ONE — - ^ 

length -—- 31,904328 ihqhes^ ^ 

MSI: gMiiir.::: 

inc.li 

INTERNAL DIAMETER 2.3081429 inches 

JACK stroke — 2,5658706 , w 

FLPGE THlgKNESS OF THE RIM -0,16928348 inches 

TYPE OF THE BRAKEING SYSTEM — DISC -* “ 




SSfS wSSiSSwS 


END OF DETAILS 

S 35 SS 3S 55 3$ S jg s; 5JS g ® S{ 56 X 3 ® 5 S *5 *^8 S S 35 5S S ® S 





BhCUFD FILE OSK: SSI LlF£fjED L6-FEB-88 04S20:40 
J^MtOiSL (START)) 


^* ******** ^***^t!t ■**4***’^ *t****f*^ 

welcome to^the undercarrIGE designer 

********t***:lft ************ *****.****** 


1 Will now proceed to ask you series of questions pertaining 
to tRe design wnich you want to pertorrr. If yon donot 
understand tne question type ’whAT for tne explanation ot the 
question. 


TiPE Cof^ t'OR CONTir<UE>CON 

(yUESTlON please specify the weight of the AlBCRAfT In POUNDS) >lo5u0 


1 AGRICULTURAL PURPUSE 

2 LIGHT TRANSPORT 1234 SEATER 

3 trainer 1 2 SEATER 

4 EXECUTIVE TRANSPORT 4-8 SEATER 

5 UTILITY AIRCRAFT 

6 light ,AMETUR£ A/C 

7 fighters 

8 passenger, AIRSERVICE 

9 CARGC TRANSPORT 
|U SPURTS PLANES 


TiPE A1 
TYPE A2 
TiPE A3 
TYPE A4 
TYPE A5 
TYPE A6 
TYPE A7 
TYPE AS 
TYPE A9 
TYPE AlO 


£2HI§5i22.£!;SASE__SELECT_^FHOM_THE_ABOVE_TABLE_AND__ANSWER)_>A4 


0!iU.E5§l§!i-E§I^i5i 

, . ““““DiilGN^io's ^ Dsi 
PURPOSE OF THE A/C 
WEIGHT OF THIS A/C = 
LANDING GEAR TYPE PN 


A4 

16500 


LANDING LEG 1¥PE 


RETRACTABLE 


LOCATION detail 


WH£Sl base = 12,768941 


WHEEL TRACK = 10,368749 


aux-«heel detail 

PRESSURE ®D?M~nTa*- 

'TYPE WIDTH s 5.6200000 inchs RIH DIA = 8,0 

AXEL^DIA= 1.3329111 WHEEL FLANGE IH1CKNESS„= 0,22893568 
NUMBER OF BOLTS » 8 DIAMETER OF BOLT = 0.34813969incll 

WEB THICKNESS = 0.22893568 SHOCK ABSORBER = PNUEMATIC 
HEIGHT or LEG » 4,1666666feet 


details of leg, =»»=, w 

external DIAMETER sl.l3l3689inch 
ASCESSORIBS details »s5==s 
BRACE ONE S5=!3»= 

eItERNAL DlAME|ER^i'^0^90849655lnch 


INTERNAL DIAMETER =0 ,69960466inch 

BRACE TWO 33SSS,, 

LENGTH = 38,4897l71ncjl 

EXTERNAL SlAMETER « 1 ,29325241ncH 
internal diameter = 0,86259940incn 


TYPE 


CON 


FOR CONTINUE >CON 

II'' 4Mt tiMift fiQf' 'ipl fWfr IpH’ fffly 'HU' Ml MP MU Ipfl' Ml’ -Ml Ml 91 

MAIN WHEEL DETAIL 


f • # ♦ # ' 


wP^IhICKnIsS**'* 0 . absorber' a^OLEO-PNuiSATIC 
HEIGHT OF LEG * 4.3541666f eet 



IjPlAlLS OF leg ==== 

EXTEHNAL DIAHETEH =2 , -jav 1 4 O 0 lnch 
ascessories details ====== 

BPACE ONE ===== 

LEf4G'i:H = 3t ,y04i2aincD 
EXTERNAL DiIhETER = 2 . •ii095A5inch 
INTERNAL diameter = 1 :215477linch 
UACE STROKE = 2 .5658 706tee t 


INTERNAL UlA’^bT£R =l .7A23 75ilnch 

BRACE TWO ===== 

LENGTH = 43,Sb5356tncn 
external diameter = i,4fi04842lncD 
internal diameter = 2.i<»ai429incii 


:====l|£i=2=-~^i-5-§HZ!”;«-**-_..5i§c 


TIRE CON FOR CONTINUE >CCN 

TIRE the 0PTI0?4 as INDICATED riELOrt 


OPTION 


SHORT FORM TO BE TlfPED 


design completely ACCEPTABr.E 

design acceptable after alteration 

FURTHER SEARCH DESIRED 
A NEW DESIGN DESIRED 


alter 


OK <THAT nESIGi« «n> 
<THAT DESIGN NO > 


search < XX > 

NEW <NEW UFSTGN ?jU> 


DiilGN’NO =" Dsi 


PURPOSE OF THE A/C 
WEIGHT OF this A/C = 


landing gear TTPE 

LANDING LEG TYPE 


PN 

retractable 


A4 

16500 


LOCATICN DETAIL 


WHiEL BASE = 12,768941 


WHEEL TRACK =10.368749 


AUX^WHEEL DETAIL 

PRESSURE =*i5iISS5§S*’psi*” TYRE DIA = 18.0 InchS 

•TYRE width = 6*6200000 inchs BIM„DIA = 8.0 

AXEL DIA =1. 3359111 WHEEL FLANGE THICKNESSES 0 22893568 
NUMBER OF BOLTS = 8 DIAMETER OF BOLT = 0. 3481 3969lnCh 

WEB THICKNESS « 0.22893568 SHOCK ABSORBER = PNUEMATIC 

height of leg = 4.1666666feet 

ascessories details ====== 

BRACE ONE === 7 =,.^.. ^ 

LENGTH = 23,745074inc0 
EXTERNAL DIAMETER = 
internal DIAMETER = p.454248271nch 
JACK STROKE = 2 ,2674880£eet 

TYPE CON FOR CONTINUE >CON 


internal diameter =0,69960466inch 

BRACE TWO =====„,.,, ^ 

LENGTH = 38,489717lnch 

EXTERNAL DIAMETER = I ,2932524inch 
INTERNAL DIAMETER = 0 , 862S9940incn 


MAIN wheel detail 


PRESSURE = 74.842103 PSI ^ TYRE DIA =^.199995 incOs 

AXLE^DlPs^a'elSoSeS^^inchS^^® WHEEL FLANGE THICKNESS i 0,16928348 

NUmIeR OF BOLTS = f Loo * aBSQRBF^-'^OLEn-PNuiMATIC 

WEB thickness ® 0,16928348 SHOCK ABSORBER - OLfcU-i'HUfcMAixc 

H|i2«T_0F_LEG_»_4,3541666feet 

INTERNAL DIAMETER =1 ,7623753lnch 

■BRACE TWO ===== 

LENGTH = 43.5S5356inCh ^ 

EXTERNAL DIAMETER = i.4604842lnc0 
INTERNAL DIAMETER * 2.308l429incft 


iliE|!ffL°ElAiiTiR"=2,889l400inch 
ASCESSORIES details ====== 

BRACE ONE =»*«= 

LENGTH = 31.904328 incn, ^ 
external DIAME||| = f*5|t!§IH22h 
internal diameter^*. I . 215477 linch 
JACK STROKE = 2,5658706fe«t' 


type OF BRAKING SYSTEM...... 2iSC 

i.*5;j.g.j.««j.j.-5ij.-3Sea=*as=a=»=»s«a!=s»B»«*«=«-==*-*®**— 



TICPL COfj FOR CUtiTINUt >CCN 

TYPE THE OPTION AS INDICATED BEDO« 


OPTION 


SHORT FCRM TO HE TYPED 


design completely acceptable 
design acceptable after alteration 

FUBTHEP SEARCH DESIRED 

A ne'a design desired 


hk <that design i»n> 
alter <ihat design no > 

vSEAhCH < XX > 

NEW <H¥.*> DESIGN Nu> 


(QUESTION PLEASE TYPE YOUR OPINION NOW) >NEW DS4 

design will he done- for RETRACTABLE LANDING GEAR 
design will be done for NoSfiwtitEL-TYPE 


UNDERCARRIAGE LOCATION DETAILS 
FUBE LCCATION 11.236668 feet 

AFT LOCATION 1.5322729 feet 

WHEEL BASE 12.768941 feet 

WHEEL TRACK 10,368749 feet 

MEDIUM CLASS AC 
PARTS DESIGN 

f «♦ f f ♦♦♦»♦♦ 4! f ♦ 




AUX-WHEED PRESSURi’’wiLL"ii“CALCULAii5' 


AUX-WHEEL TYRE SELECTION ^ 

NUMBER OF TYRES IN AUX-WHEEL I.O 
STATIC LOAD ON AUX-WHEEL 3000.0 
PRESSURE FINAL = 101.66666 


AUX-WHEEL DETAILS 


DIAMETER OF TYRE 
TYRE MOTH 
WHEEL RIM DIAMETER 


18.0 

5*6200000 

8.6 


detailed design of AUX-WHEEL PAPp 

WHEEL WILL BE DESIGNED AS MODERN SPLIT TYPE WHEEL 
FINDING AXLE DIA ^ 

HOLLOW AXLE OF OUTER ^lA |.«29Ui 
FLANGE THICKNESS s 0.22893568 
designing fastening BOLTS 
MATERIAL USED OPEN-HEARTH NICKEL STEEL 

NUMBER OF BOLTS 8.0, ^ 

DiA OF BOLT 0,34813969 

finding maximum_siresses^in^web^of^aux-wheel_^ 
ASSUMING THICKNES5"oe"«EB EQUALS TO THICKNESS OF FLANGE 

STRESSES CALCULATED AS ^ STRESS -6135.4393 

maximum tangential STRESS^17204.034 
MAXIMUM SHEAR STRESS 777,04625 


STRESSES CALCULATED ARE WITH IN ISlQyjJPS 
THICKNESS OF WEB OF AUX-WHEEL 0,22893568 



ABOVE DESIGHED THICKNESS FOR A TCPaUE 

«AXX/^UK SHEAR. STRESS DUE TO PURE TORQUE 2.064,5896 

AHOi^E CAOCULATEU SHEAR STRESS IS «ITH IH THE LIMITS 
FINAL l^EB thickness 0,22893568 inch 




height oF AUX-i(^HEEL LEG 4.1666666 
PNUEKA1IC type of SHOCK ABSORBER 
SHOCK ABSORBER TRAVEL 0.79895253 FT 
A'iALXSiNG THE LAODIHG LEG 

OPTIMAL Weight OEsiGfj of main vertical hf.mbep starts 


nhSlGNED DIMENSIONS 

EXTERNAL DIAMETER 
INTERNAL DIAMETER 

DESiGNED DIME.NSIQNS 

EXTERNAL DIAMETER 

internal diameter 

designed dimensions 

external diameter 

INTERNAL DIAMETER 

DESIGNED DIMENSIONS 

EXTERNAL DIAMETER 

internal diameter 


0,59853744 

0,41170996 


0.66103731 

0,41768303 


0,78270285 

0,46179468 


1.1313690 

0,69960466 


designed dimensions of main vertical MAMBEB in Inch^ 

EXTERNAL diameter 1,1313690 
INTERNAL DIAMETER 0,69960466 


DESIGNING ASCESSORIES OF LANDING LEG 


designed DIMENSIONS OF CE 

INTERNAL DIAMETER 0.45424827 
EXTERNAL DIAMETER 0,90849655 
designed DIMENSIONS OF ED ^ 

INTERNAL DIAMETER 0.86259940 
EXTERNAL DIAMETER 1,2932524 


DESIGNED JACK-STROKE 2.2674881 FEET 

MAIN-WHEEL PRESSURE WILL BE CALCULATED 

MAIN-WHEEL TYRE SELECTION ^ ,.or,.rT 
NUMBER OF TYRES IN MAIN-WHEEL 

STATIC load on MAIN-WHEEL 7260,0 

PRESSURE FINAL = 74,842104 


MAIN-WHEEL 


DETAILS OF TYRE 

TYRE WIDTH 
WHEEL RIM DIAMETER 


2,0 


32.199995 

9,1000000 

15.5 


DETAILED DESIGN OF MAIN-WHEEL PARTS 

i» « W* WW I* We i* WP «* ll« f(i 

WHEEL WILL BE DESIGNED AS MODERN SPLIT TYPE WHEEL 
FINDING AXLE DIA 

2,6550889 


HOLLOW AXLE OF OUTER D|A „2.6 
FLANGE THICKNESS * 0.16928348 



Dh^iGNIhG FASTFi’ariG BOLTS 

MATLHIAL LSCn nPE.N-dLARTH raCKF.L STEEL 


number of holts 12. B 

OTA OF BOLT 0.3'i«2iJ>25 


FINOISr, maximum stresses in WEB OF MAIN- WHEEL 
ASSUFXfiG thickness ok"wEb“eQU AT s"To‘'THICKNEsi"oF"FLANGE’”^ 


STRESSES CALCULATtU AS 

MAXIMUM RADIAL STRESS -9620. 12«7 
maximum tangential stress 2lH51.16i 
MAXIMUM SHEAR STRESS 3537,1433 


stresses calculated are with in the LIMITS 

thickness of web of main-wheel 0.16928348 


CHECKING AMOVE r)F.uT(,NEO THICKNESS FOP A TOpgiiE 
maximum SHEAR STPTISS DUE Tfl PURE TOROOE 10279,126 


AHOVE calculated SHEAR STRESS IS WITH IN THE LIMITS 
FINAL WEB thickness 0,16923348 Inch 


DESIGN OF MAIN-WHEEL LEG 



height or main-wheel leg 4.3541666 

PLEASE GIVE YOOR WEIGHTAGE FUR THE FOLLOWING 

SPRING CHARACTORS IN THE RANGE OF 1 TO 10 , 10 BEING MAXIMUM 

1 simplicity or shock absorber 

2 WEIGIH OF SHOCK-ABSORBER 

3 efficiency of absorber 

4 RELIABILITY OF ABSORBER , ^ 

(QUESTION TYPE YOUR ANSWERS WITH A BLANK SEPERATING THEM) >6784 

FOR main wheel 0LE0*PNUEMATIC shock absorber IS USED 

SHOCK ABSORBER TRAVEL 0.69474133 FT 

ANALYSING THE LANDING LEG 


optimal weight design of m^w^vertical^membep^starts 

DESIGNED dimensions . ^ 

external diameter 1,4987618 
INTERNAL DIAMETER 0,89604976 

DESIGNED DIMENSIONS ^ 

EXTERNAL DIAMETER 2,0670265 
INTERNAL diameter 1,3042937 

DESIGNED DIMENSIONS , ^ 

INtIrNAL DIAmItER 1 17623754 

D.MGNED D1«ENSI0«S OP jV|PTICAL^«A«||P 

INTERNAL_DIAMETEP___1, 7623754 


DiSIGN|NG_ASCESSORlES^aF_^LpDING^LEG 


PEalGNPD OJ«|N|itONa^aF^CE ^ 

EXTERNAL DIAMETER 2,4309545 
designed B|M|NSI0NS^0FJD^^ 

EXTERNAL DIAMETER 3,4604842 


designed OACK-STROKB 2.S6S8706 FEET 



DgSltH OF iSHAKES 

KiNh'ilC energy that HAS TO BE ABSORBED BY BRAKES IS '195000,0 

FiriDiNG FORCE REQUIRED TO BRAKE STOP THE VEHICLE AFTER LAHDING 

§ 1C Hi A * H A f i fj G * F 0 f( ’ R H A K E * T Y R E S ’ 

VALUE _ Short form 


FOR THE system TO Cu.ilTlHUE ITS Ol^N DESIGN CON 

SHOE BRAKE 1.9999997 SHOE 

URUK brake 0.99999980 DRUM 

DISC brake 80.0 DISC 

m BRAKING 0.99999990E-i NO-BR 

PARACWiTE BRAKE 0,99999990E-1 PARA 

NU Ut- FRICTION SURFACES TS 1 

NU UF FRICTION PLATES 1 


snould I try for anotner answer (Y/N):>N 

OK 

<1O>RECOR0FILE 

RECORD FILE DSK: SSl CLOSED 08-FEB-88 04s24:31 





DESIGN "n'JHBER D si 
PURPOSE DF t>hf aiRCPAFT — . — - *4 

weight of the a/C — — — lesoo 

TYPE OF LAUDIUG GEAR PN 

" — "" retpacta-ble type 

• WHEEE BASE — 12.768941*166? 

_10. 368749 feet 

^“~AuxiEiAR^”wiii£”DiiiiEiri7m7 

AUX-WHEE.L'"ppisSURFr---"Ion66666"*psr'’ 

TYPE DIAMETER — - 18.0 inches 
TYRE WfDTM - 5,6200000 inches 

RIM diameter 3.0 inches 

AXES diameter — — 1.3329111 Inches 
r^UMBER OF bolts — — — 8 

DIAMETeP of bolt ^0,34813969 inches 

WEB thickness — 0.228^3568 inches 


auxiliary wheel leg details, 


SHOCK absorber — — PNUEMATIC 
HEIGHT OF LEG — — 4 , 1666666f eet 

external diameter — — 1,1313690 inches 
internal diameter ——0,69960466 inches 
ASCESSORIES DETAILS — 

BRACE ONE — 

LENGTH — — 23.745075 inches 
EXTERNAL DIAMETER ---0,90849655 inches 
INTERNAL DIAMETER —0.45424827 inches 


BRACE TWO — ^ ^ 

LENGTH — 38-489719 

EXTERNAL DIAMETiSR — — 

INTERNAL DIAMETER — 

JACK STROKE — — 2.267488lfeet 



'MAiN'wHiiL'oEiAILSr.rm 


2932524 

0,86259940 

inches 


inches 

inches 


psi 

5es 


MAIN wheel pressure - 74.842104 pj 

TYRE diameter — - 32.199995 inch< 

TYRE WIDTH — — 9,1000000 Inches 

RIM DIA OF the MAIN WHEEL — — 15,5 inches 

MLE DIA OF THE MAIN WHEEL — — 2.6550889 inches 

diameter OF BOLT — .§*34023525 finches 
WEB thickness — 0,16928348 inches 

MAIN wheel leg DETAILS — — 


SHOCK absorber — 0•|!l!yl^?*TIC 
HEIGHT OF LEG — — 4 . 3541666f eet 
external diameter — 2,8891400 Inches 

internal diameter 1.7623754 inches 

ASCESSORIES DETAILS — 

BRACE ONE — 

length — - 31,904328 ihches 

EXTERNAL DIAM|||| 

internal diameter — 1,215477 

BRACE TWO 43,555356 inches^ ^ 

EXTERNAL DIAMETER — — 

INTERNAL DIAMETER "T*-^ 2,308143 
JACK SfROKE 2*5658706 

FLANGE thickness OF THE RI« 0,16928348 

' ■■ » fl«i i« *••«!»• 4* 


Inches 

Inches 


inches 

Inches 

inches 




ssaaq!ssis:!5*s 


TYPE OF THE BRAKEING SYSTEM DISC 

iiL!»--.L=sseassss:s*ssassa»sas3S»5**=«-®**s*® 




end of DETAIliS 




ss:ss?!! 5 ss»a»=s«scss:: 





BfcCUKa FILE nSK; SSI OPENED Ub-|-EB-88 21SU9si3 
<J>lGnAL (SlMHin 


Welcome to' the lihUERCARRlGE DESIGNER 


I ’•«ill now proceed to ask: you series of questions pertaining 
to the aesicjn which you want to perform. It you donot 
understand tne question type what for tne explanation of the 
question. 


TiPE CON FOR CnNTililiE>CON 


CyUESTiOW PLEASE SPECIFY THE WEIGHT OF THE AIRCRAFT IN POUNDS! >ib5Ui; 


1 AGRICULTURAL PURPOSE 

2 LIGHT TRANSPORT t 2 i 4 SEATEH 

3 TRAINER i 2 SEATEK 

4 EXECUTIVE TRANSPORT 4-8 SEATER 

5 UTILITY All.CRAFT 

6 LtGHT,AM£TUFtK A/C 

7 FIGHTERS 

8 PASSENGER, AiRSERViCE 

9 CARGO TRANSPORT 

10 SPORTS PLANES 


TYPE A1 
TYPE A2 
TYPE A3 
TYPE A4 
TYPE A5 
TYPE AS 
TYPE A7 
TYPE A8 
TYPE A9 
TYPE AlO 


tUUESTlON PLEASE SELECT FROM THE ABOVE TABLE AND ANSWER) >A4 


OLD DESIGN DETAIL 


DESIGN NO = 

PURPOSE OF THE A/C 
WEIGHT OF THIS A/C = 
LANDING GEAR TYPE PN 


DS4 


A4 

18500 


LANDING LEG TYPE 


retractable 


LOCATION DETAIL 


wheel base = 12.768941 WHEEL TRACK = 10.368749 


aux-wheel detail 

PRESSURE =*ioil66S66**Psi’** TYRE = 18,0 

TYRE WIDTH = 5-6200000 InchS RIM DlA = 

AXEL DIA = 1:J329111 WHEEL FLANGE THICKNESS^ =0.22893568 
NUMBER OF BOLTS = 8 'DIAMETER OF BOLT = 0,34813969inclri 
WEB THICKNESS = 0,22893668 SHOCK ABSOBBEA = PNUEMATIC 

HEIGHT OF LEG ® 4.166b656f eet 
DETAILS OF LEG ==»=, ^ 

EXTERNAL DIAMETER =1 . 1 3I368yinCh 
ASCESSORIES DETAILS ======' 

BRACE ONE ^ 

eItIbNAL DIAMETER 
TYPE CON FOR CONTINUE >CON 


inchs 

B.O 


INTERNAL DIAMETER =0,69960466inch 
BRACE TWO =====^^ 

LENGTH = 38.489717incn. ^ 

external diameter = 1 .2932524inch 
INTERNAL DIAMETER = 0,862599401nch 


MAIN WHEEL DF/IAIL 

PRESSURE =74,842103 PSl TYRE DIA =32-199995 ihChS 

AXLE^DIA^s^a^sIMaaS^^incnS*^*^® wheel flange iRiCKNEsi = 0.16928348 

SifiSlglNlgl'i ■0,}l928i4i""^^lS0?^ |§ISRBEE-i"§!i2|J8iliATIC 

HEIGHT OF LEG * 4 . 3541666f eet 



DETAILS OF LEG ==-= 

FXTEK.'iiAL fUAni.TLH =2,HH^il40Linch 
ASCt:SSOiiIES Dh'i'niLS ====== 

bFACt DMK ===== 

LtUGIH = 31 ,^D'ii^Hincn 
KXT’FRfjAL piAMh'J'LM = 2 ,T lO^S^Slncn 
lATC-Hi'^AL DIAMETdP. = 1 ,21b4 /7 I incfl 
JACK cTitl)KE = » 5 bS 8 /ULteet ' 

TYPE lit- BHAKIUG SYSTEM., 


IMTERMAD UlAHfcJhB = I , 7 62 375i incn 

fiPACE TVkO ===== 

LENGTH = li.555i56inca 
EXTEHNAL DIAhF.TEH = i,4604842incn 
INTERNAL 1 >IA* 16 TEk = 2.3«'di i2'Ji ncn 


DISC 


TYPE CCN FOR CUciTIUiiE >CCN 

TYPE THE UPTIOM AS IRUICATED HELOw 


UPTIOU 


SHORT FORM TO BE TYPED 


DESIGN COMPLETELY ACCEPTABLE 
design ACCF.PTAfiLE AITEH ALTEHATIUN 
FilLTHEH Sl.AHCH DESIRED 
A NEW DESiGr-i DESIRED 


OK <IHAT DESIGN NO> 
ALTER <THAT DESIGN NO > 

search < XX > 

new <NEi« design no> 


(UUESTION please type YOUH opinion now) >SeARCH XX 


0L12_DESI.GN^UETAIL 

’ . DESIGN NO ■= Dsi' 

PURPOSE UF The A/C 
WEIGHT OF THIS A/C = 
LANDING GEAR TYPE PN 


A4 

16500 


landing leg type 


RETRACTABLE 


LUCATION DETAIL 


Wh£I:d base = 12.766 941 


WHEEL TRACK = 10.36B749 


AUX-WHEEL DETAIL 

PRESSURE =*ioiU666 b**psI’** TYRE DIA = IB.O inchs 

TYRE width = 6,6200000 incfis BIM^DIA = 8,0 

AXEL niA = 1. 3329111 WHEEL FLANGE |HlCKNESS„=,0 .22893568 
NUMBER OF BOLTS = 8 DIAMETER OF BOLT = 0, 348l39691nch 

WEB THICKNESS * 0,22893668 SHOCK ABSORBER = PNUEMATIC 

HEIGHT OF LEG = 4.i666666£eet 
details of leg ==== 
external diameter =l,13l3689inch 
ascessories details ====== 

BRACE ONE ===== ^ ' 

LENGTH s 23.746U741ncn 
EXTERNAL DIAMETER = 0.9Ci849b651ncr) 

INTERNAL DIAMETER = 0,46424827lncn 
JACK STROKE = 2.2674880feet 

TYPE CON FOR CONTINUE >CON 


internal diameter =0.69960466lnch 

BRACE TWO =====„ 

LENGTH = 38,489?l7inch 

external diameter = l«i^ 325241 nch 
internal diameter = 0,862599401nch 


main wheel detail 


pressure = 74,842103 psi TYRE DIA = Incfts 

AHE^trl“a=6«SSi§“"incSS'^''“ »HEEl FLMiGli ^SJcH^sS i^5!l6928348 

NUMBER OF B 0 £TS = 12 DIAMETER OF BOLT = 0, 34023525lnch 
WEB THICKNESS = 0.16928348 SHOCK ABSORBER** OLEO-RnUEMATIC 

HEIGHT OF LEG ® 4 , 354l666«eet 


ixiERNAL^DlkiiTS”= 2 . 889 i 400 inCh 
ASCESSORIES DETAILS ====== 

BRACE ONE ===== 

^ISaS liASgllJ^i"i!:4i09545incn 
IKTERNAt DIAME|ER 
JACK STROKE = 2 ,5658 ? 06 £eet 

type of braking system.,,,,, disc 

sa=a;a»SBa»=========»===*==“**®*®*®**®**®®®*'*® 


INTERNAL DIAMETER =l , 7623?531nch 

BRACE TWO ^ 

LENGTH = 4i,56535bincri 
EXTERNAL DIAMETER = 3,4604842inch 
INTERNAL DIAMETER = 2! 3081 429inCH 


liph COfj F!.IH LU.MTXHOL 

- THfc OPI ifJ'J .-it> ifiiilCHtfJi) BELQts 


GPTIO'J 


SHOP'l FORM TO BH IltPED 


DESlOrj Ctjr-.PLETF;UX ACCEFTAaLfc 
design ACCEPTABOC hFTLH Am'X'EHAI lU/l 
FURXHF.K iiJ.AHCJi UhSlHED 
A f'iEW DEOiGfi utBiRtD 


OK <1HAT DESIGN ftO> 
ALTER <ThAT DhSIG-< RO > 
search < XX > 

<NEw DRSlG''i NO> 


(WHESTIOR PLEASE TYRE YOUH OPiNlUR >SEAPCH XX 




’DLiiGH~Rfj"’= ' Dbi' 

PURPOSE OF THE AXC 
ivEIGHt OF THIS A/C = 


A 4 

16500 


LAND i KG GEAR TYPE 
LANUiNG LEG TYPE 


PM 

RETRACTABLE 


LUCAIIOM DETAIL 


base = 12.7b«941 


WHEEL TRACK = 10.368749 


AUX-wHEEL DETAIL 

PRESSURE =*!on6fa66b”psi*** TYRE DIA = 18.0 

lYRE WIDTH = 6.6200000 incns RIM OlA = 

AXEL DIA = I.3J29lil WHEEL FLANGE THICKNESS = 0,22893568 
NUMBER Of bolts =8 “DIAMETER Of BOLT = 0.348l39691ncn 
WEB THICKNESS = 0.22893568 ' SHOCK ABSORBER = PNUEHATIC 

HEIGHT Of LEG = 4.1666666f eet ' ' 

DETAILS OF LEG ==== 
external DIAMETER =t . 131 3689xnch 
ASCESSORIES DETAILS =3====---- 
BRACE ONE ==s== 

LENGTH = 23,7450?4inCD 
EXTERNAL DIAMETER = 0 .908496551ncn 
internal diameter = 0,45424B27lnCL 
JACK STROKE = 2.2b748«0feet" 


Incfts 

8,0 


INTERNAL DIAMETER =0,69960466incD 

BRACE TWO ===== 

LENGTH = 38.4897l7incn 

EXTERNAL DIAMETER = 1 .2932524inch 
internal diameter = 0.8fa259940incl 


TYPE 

CUN 


CON 


FOR CONTINUE >CCN 


MAIN wheel detail 


pressure = 74.842103 psi TYRE DIA =32,199995 inchs 

•TYRE WIDTH = 9,1000000 incnS RIM DIA = 15,5 

AXLE DIA =2.6550889 incDS WHEEL FLANGE THICKNESS = 0.16928348 

NUMBER OF BOLTS = 12 DIAMETER OF BOLT = 0, i4023525inch 
WEB THICKNESS * 0.16928348 SMOCK ABSORBER = OLEO-PNUEMATIC 

HEIGHT OF LEG = 4,3541666£eet 


ixTERfeAL^DIAMETER =2,889 I400inch 
ASCESSORIES DETAILS ====== 

BRACE ONE ===== 

LENGTH = w 

EXTERNAL DIAMETER = ?*4309545inch 
INTERNAL DIAMETER = 1,2154/ UincD 
JACK STROKE = 2 ,5658706t#et “ 


internal diameter =1.7623753lncD 

^LENGTh'^S ii"i55356incO 

EXTERNAL DiAMETER = 3 , 4604842 Inch 
INTERNAL DIAMETER = 2,308142911100 


__TYP|^0F_^8RAKpG^SYSTEM,.,,,,_ 

type con for continue >con 

TYPE THE OPTION AS INDICATED BELOW 

OPTION SHORT FORM TO BE TYPED 


Ww 'Ml wllli 



DESlGf^ Cvi'-’t^GhTEiiSt ACCEPtABLE OK <iBAT DESiGix rtO> 

DESiGN acceptable .UTEM AblEHA'IlQN ALTER <rHAT DESIG.< llO > 

FUHTiiER SEARCH DESiRtB SEARCH < XX > 

design nii> 

{.iUhSTlO'^ PLEASE TYPE YfJUH OPl.MUN HQw) >ALXER DS2 
please type a hevk design no ,,,>DSS 

OLD UESlGrt parameters ARE LISTED BELOiflJ . GIVE OPEN ION BY TYPING Cftanqe OR 
no 

name of tne parameter old value opinion/neia?value 

FRICTION-CUEF GRQUNU €.44999^^9 >NO 

% WEIGHT ACTING UN AUX-WHEEL 12.0 >CHANGE 

PLEASE type itJEW VALUE >15,0 

CG value of the A/C 7,8999999 >NQ 

ASPECT-BATIU VALUE 7.0 >N0 

STALLING VELOCITY Of A/C 50.0 >CHANGE 

PLEASE type new VALUE OF VELOCITY ..., >60.0 

FRICTION-COEF OF BRAKING MATERIAL O.iSOUOOUO 

>NU - ^ 

HEIGHT OF LEGS AT FORE AND AFT LOCATIONS 4.0 4,5 >N0 

TYPE OF LANDING GEAR PN >N0 

BRAKING SYSTEM DISC >N0 

DESIGN WILL BE DONE FOR NOSEWHEEL-TYPE 

«» 9 f «»««« 41 • 9 H •• »«»•«••«•«««#«« 41 «««• • 

«f «» m M «!« «|||| .« IIM) «« «M M. «««•<«*' Ml »»•» **< 49 

UNDERCARRIAGE LOCATION DETAILS 
FORE LOCATION 8,6828800 feet 

AFT LOCATION 1.5322729 feet 

WHEEL BASE 10,215152 feet 

WHEEL track 10,734705 feet 

M W Ml Ml fill, Mt Bp: M» 'M • w M» 4*' 'iNt l» Mr * *• ** * <• <^ ■* 

MEDIUM CLASS AC 

4C « 41 Sfl 3| y « 9|1 4! 4: 1| 11 « f 4 * 

PARTS DESIGN 

y>«yyyyyyyyyyyyyyyy«y 

g5SlGN_^aF^Ap:;WHEEL 

AUX-WHEEL PRESSURE WILL BE CALCULATED 

AUX-WHEEL TYRE SELECTION 

NUMBER OF- TYRES IN AUX-WHEEL 1,0 

STATIC LOAD ON AOX-*VBEEL 3000,0 

PRESSURE FINAL » 101,6666b 

AUX-,HEEL 

TYRE WIDTH ' 5,6200000 

WHEEL KIM DIAMETER 8,0 



DETrtllitD DbaifjN Uf Al!X-»iHEtL PARIS 

^HhfcL hlLL Bfc Ufe.StC.HKO AS finOf.Rfi SPLIl 1^P£ VvMElL 
Fir^Dli^O AXilt: DIA 

HuUijI-iw AXLE iJF OuihK olh l.‘iibld>i2 
FbANGE ThICKHLSS = . 4j2H9ihj>a 


DtSiCjNlRCj FASTLttl'HG BOLTS 

MATEt^lAIj '•iiLO OpEI'^-OhAHlH MChEL STEEb 

?j UMBER fJl' HOLTS B.U 
UlA UF BOLT U,J 4 HliynB 


EliMDif 4 G MAXIMUM STRESSES IN ttEB UF AUX-'WilEEL 


assuming IIJICKhESS Lh WEB EyUAJ.S TO ThICENESS OF FLANGE 
STRESSES CiiLCULATEU AS 

MAXIMUM RAOIAL STRESS - 5 b 9 B. 0 ftlU 
MAXIMUM TANGENT lAl STRESS i: 2442 .i 54 
MAXIMUM shear STRESS 90 B. 2 Xi 45 


STRESSES CALCULATED ARE WITH IN THE LIMITS 
THICNNESS of web of AUX-WHEEL C. 22893 Sbb 

CHECKING ABOVE DESIGHF.U THICKNESS FOR A TORQUE 

maximum shear stress due to pure torque 2395,9222 

ABOVE calculated SHEAR STRESS IS WITH IN THE LIMITS 
FINAL neb THICKNESS" U, 22 b 93 bfaB inch 


HEIGHT OF AUX-WHEEL LEG 4 . 16 foS 6 S 6 

PNUEMAIIC TYPE or SHOCK ABSORBER 
SMOCK ABSORBER TRAVEL 0,79895253 FT 

ANALYSING THE LANDING LEG 

OPTIMAL WEIGHT DESIGN OF MAIN VERTICAL MEMBER STARTS 


CyUESTlON WHAT IS VALUE OF PENALTY PARAMETER) > 1,0 

(QUESTION WHAT IS VALUE OF EXPONENT) > 2.0 

CQUbSTiON WHAT IS VALUE OF CONSTANT) > 10.0 

DESIGNED DIMENSIONS . . , ^ 

EXTERNAL DIAMETER 0 , 618/8094 
INTERNAL DIAMETER 0 , 3699443 / 

DESIGNED DIMENSIONS ^ 

EXTERNAL DIAMETER f *, 85339551 
INTERNAL DIAMETER 0.53849257 

DESIGNED DIMENSIONS ^ 

- " EXTERNAL DIAMETER 1,1928144 

INTERNAL DIAMETER 0.72761680 


DESIGNED DIMENSIONS OF MAIN VERTICAL MAMBER IN inch ^ 

" external-diameter 1.1928144 
INTERNAL DIAMETER 0.72761680 


DESIGNED DIMENSigNS OF CE 


INTERNAL' DIAMETER 0,50786501 
external diameter 1:0157300 

DESIGNED DIMENSIONS OF ED 

INTERNAL' DIAMETER 0. 96441544 
EXTERNAL DIAMETER 1,4459002 



JACK“ST!UjKt. 2 , 26 /‘thbl t- LLl 

E I; § i i,’ _ L* £ > ^ 5 J: {i r g fc- 3L, 


;,!Al6-WhEfcL Pl'EfiSnpJ'. WILL 6L CALCULATED 

MAli.-rthEEL tyke SLLlr.CTiUL 

LUMBER Gf- IN MAIN-WHEEL 2.0 

S'lA'iiC LEAD Ul« MAIR-tfULEL /f‘12,5 

PHE6SUPE f iriAL = 72,:>J6BT2 


main-wheel details 

UtAMLTEH UP TYRE 
tyre rXI'TH 
wheel him DIAMETER 


32,199995 
9. lOOOOOU 
15,5 


DETAXLEU DESICN UF MAIN-WHEEL PARTS 
WHEEL WILL BE DESIIHHTJ AS MfJUEBH SPLIT TYPE WHEEL 
EI.NU1WC iULE DIA 

HULLUW AXLE Up OUTER OXA 2.6215983 
FLANGE THICKNESS s 6,1/731269 

designing FASTENING HOLTS 

material used gpem-heahth nickel steel 

NUMBER OF BOLTS 12.6 
DtA OF BOLT 0,34821655 


FINDING MAXIMUM STRESSES IN WEB UF MAIN-WHEEL 

ASSUMING thickness UF WEB EQUALS TO THICKNESS OF FLANGE 

STRESSES calculated AS 

MAXIMUM RADIAL STRESS -8967,7735 
maximum tangential STRESS 28032,034 
MAXIMUM SHEAR STRESS 3300.6/41 


STRESSES CALCULATED ARE WITH IN THE LIMITS 
THICKNESS OF WEB OF MAIN-WHEEL 0. 17731269 


CHECKING ABOVE DESIGNED THICKNESS FOR A TORQUE 

MAXIMUM SHEAR STRESS DUE TO PURE TORQUE 9589.2232 

ABOVE CALCULATED SHEAR STRESS IS WITH IN THE LIMITS 
FINAL NEH thickness 0,17/31269 Inch 


HEIGHT OF MAIN-WHEEL LEG 4.3541666 

PLEASE GIVE YOUR WEXGHTAGF. FUR THE FOLLOWING 

SPRING CHARACTORS IN THE RANGE OF" 1 TO 10 , 10 BEING MAXIMUM 

1 SIMPLICITY OF SHOCK ABSORBER 

2 WEIGTH OF SHOCK-ABSORBER 

3 EFFICIENCY OF ABSORBER^' 

(QUESTlfeN^TYM'^YOUR AnISerI^WITH A BLANK SEPERATING THEM) >6 7 
fur main wheel OLEO-FMUEMATIC SHOCK absorber is USED 
SHUCK ABSORBER TRAVEL 0,69474133 FT 
ANALYSING THE LANDING LEG 


8 4 


OPTIMAL WEIGHT DESIGN OF MAIN VERTICAL MEMBER STARTS 

— ------- 

(QUESTION WHAT IS VALUE OF PENALTY PARAMETER) >1.0 
(QUESTION WHAT IS VALUE OF EXPONENT) >2,0 
(QUESTION WHAT IS VALUE OF CONSTANT) >10,0 



)tuiGNED DIMEMSTn.jS 

EX'XEK^rAE UlA-IE'ieH 
IIiTERdAL UlAMEtEH 


1 . 5 y 2 y 794 

1 , 09^7468 


IhSlGNED DIMEA'^SlOfja 

- EXTEBr-iAf, UIA^SIEH 

I'MlERrjAL DIAMETER 


1 , 7^)94199 
1 . 111«)438 


)fcuAG'' 4 ED DI«ENSir 3 ?>»S 
- ■• EX'ttRNiiL AiAf^ETLft 

Ifj'lEPNAL 


X,U 831270 

1,2290449 


)hAiGNfcD bl-^E^SlOhis ' 

- •• EX‘rEP.i*iAL UlAMc'lSP 4.0110857 

linlEP^AL UiA'^ETEP 1,8619650 


JhSiOftitlj OliHEMSlONS UF MAXi'l VEHTiCAL ^JAMBfcR IN inch 
- ■ EXILRNAL'DIAHEIEH 3,0110857 

INIERNAO DIAMETER 1,8619650 




designed dimensions of cl 

INlERNAl. DIAMETER 
EXTERNAL DIAMETER 

designed dimensions of ED 

INTERNAL DIAMETER 
EXTERNAL DIAMETER 


1,1945792 

213891585 


2,2684585 

3.4009872 


iESlONED JACK-STROKE 2.5658706 EEEf 

2 §sign_of__brakes_ 

KINETIC ENERGY THAT HAS TO BE ABSORBED BY BRAKES IS 712800,0 

finding force required to brake stop the vehicle after landing 

SlItlM’lRMiNG’FOR’BHAKE’fYPls**”**’ 


BRAKE TYPE SYS.RATING VALUE 


SHORT FORM 


KOR THE SYSTEM TU 

CONTINUE ITS OWN DESIGN 

CON 

SHOE BRAKE 

1,9999997 

SHOE 

DRUM BRAKE 

0,99999980 

DRUM 

DISC BRAKE 

80.0 

DISC 

NO BRAKING 

0 . 9999999 GE -1 

NO-BR 

PARACHUTE BRAKE 

OF FRICTION SURFA( 
Of FRICTION PLATE: 

0 , 99999990 E -1 

w «»«« w w «M «iP «*«»«» « IM IW m w ««« w « 

:es IS 1 

SI 

PARA 


Snouid I try tor anotner answer IY/N 3 pN 
OK 

<tO>RECORDFILE 

RECORD FILE DSK: SSl CLOSED 06 -fEB "88 2 lSl 6 !- 0 i 



DESIGN ynhBER'’---I-im-I''”Di5' 

pHHPnsp- nr tuF aircraft — — 


A4 


WEIGHT OF THF A/C — — . 16500 

TYPE OF TjANDING gear — — pw 

retractable 

location OFTAILS 


TYPE 


WHEEL HASP »— 

wheel track — 


10.215152 feet 
1C. 731705 feet 


’AunLiiLi'"rtHiiL”DiiiiLi"““ 




ADX-wHgEL pressure 101.66666 PSi 

TYRE diameter 18.0 Inches 

TYRE WIDTH - 5.6200000 inches 

RIM DI/vMETER — — 8,0 Inches 

AXLE DIAMETER — — 1.4357282 inches 
HUMBER OF bolts — 8 

DIA.METEP.OF BOLT 0,34813969 inches 

WEB THiCKfJESS 0,228§3568 Inches 


auxiliary wheel leg details. 


SHOCK absorber — — PHUEMATIC 
HEIGHT OF LEG — — 4 , 1666666£eet 

EXTERNAL DIAMETER — — 1,1928144 inches 
INTERNAL DIAMETER ——•0.72761680 inches 
ASCESSCRIES DETAILS — — 

BRACE ONE — - 

LENGTH — - 23.745075 inches 
EXTERNAL DIAMETER -—1.0157300 
INTERNAL DIAMETER —0.50786501 


BRACE TWO — 


inches 

inches 


sssssss: 


LENGTH — 38,489719 inches,,^ 

EXTERNAL DIAMETER 1,4459002 inches 

INTERNAL DIAMETER — 0,96441544 inches 

jack stroke — 2.2674881feet _ 



*MAiN’wHEEL'’DiiAiLSrmiI 

MAIN WHEEL PRESSURE — — 72,236842 ^psi 

TYRE diameter — — 32,199995 Inches 

TYRE width — 9,1000000 inches 

RIM DIA OF THE MAIN WHEEL 15.5 inches, : 

AXLE Ma OF THE MAIN WHEEL — 2.6245983 Inches 

NUMBER OF BOLTS — — * 

DIAMETER OF BOLT — — 0,34821055 Inches 

WEB THICKNESS «— --2-22— — — — — 

"main wheel leg details — — 

• W «»«•»• IW '«w #i e» ew WI* «• W «w» • 


SHOCK absorber — - ^OLEO-PNUEMATIC 
HEIGHT OF LEG,^-— -4.35416661661 
external diameter — 3, 0110857 

internal DIAMETER 1,8619650 

ASCESSORIES DETAILS — - 
BRACE ONE 31.904328 

EXTERNAL DIAMETER 

internal diameter 

BRACE TWO — 

length 

EXTERNAL DIAMETER —— 
INTERNAL^D|AM||ER 

JACK stroke ---- 

FLANGE THICKNESS OF THE RIM 


inches 

inches 


:s»s»s: 


Inches^^ 
2.389158S 
1,1945792 

inches 
3,4009872 
212684585 
incheS— ^ w ^ 

-•••0, 17731269 

lii I**. i« e* ip*» •• W* iiM iw i» ^ ^ ^ 

TYPE OF THE BRAKEING SYSTEM --- 
Il^j2-glsassa5saas»a*s««®=af«»=a»»=»s==sss====s 
,,,,,, END OF DETAILS 

j.3^ai3SS7SS3SSSSSS5S3338S9SSSSSSSSSSS = S = S = S5;: 


Inches 

inches 

Inches 

inches 

Inches 


:s==arss=! 




